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ABSTRACT

Liquid biofuel utilization is required to keep global warming below 2°C. In eastern African countries like
Ethiopia, Sudan, Kenya, Tanzania, and Uganda, feedstocks for liquid biofuel production do not conflict with
food crops. This study aimed to determine the land and feedstock availability for biofuel production in selected
eastern African countries. In Ethiopia, 23.3 million ha of land area is suitable for biodiesel crops and 333,500
ha for bioethanol crops. Sudan has more than 60 million ha of land suitable for biofuel crops. In Tanzania,
435,000 ha of land was allocated for biofuel crops. In Uganda, 60% of the arable land area is ideal for Jatropha
and 50% for sugarcane. About 20% of the potential arable land in Kenya is suitable for Croton. In 2009 Kenana
Sudan Sugar Company launched 65 million litres of ethanol production. Tanzania was producing biodiesel
for electricity. Uganda produced ethanol from sweet sorghum. Ethiopia and Tanzania can produce 35.588 and
7.089 billion liters of lignocellulosic ethanol, respectively, higher than their import of petroleum. However,
other Eastern African countries, such as Burundi and Djibouti, had no liquid biofuel production in 2023. In
eastern Africa, land and feedstock are widely available to produce biofuel for clean bioenergy that should be
used in appropriate land use plan.
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INTRODUCTION

Liquid biofuels are produced from biomass, which can also make solid and gaseous biofuels for energy use in
transport, heat, or electricity. Approximately 15% of total global energy and 80% of current bioenergy use (ca
35 EJ yr-!) is obtained from traditional biomass'?.

Globally, over 2.7 billion people will have no access to clean cooking energy by 2030* and 840 million
currently lack access to electricity, showing significant disparities with the promise of energy for all.?
However, Energy contributes 75 percent of global greenhouse gas emissions, mainly from burning fossil fuels.
Then, a just and inclusive transition from traditional and fossil fuels, like fuelwood or liquefied petroleum gas
(LPQ), to clean cooking options, including bioenergy, is needed as a contribution to achieving affordable,
reliable, sustainable, and modern energy in sustainable development goals (SDGs) of number seven.
Projections showed that the world will experience net deficits in petroleum supplies as new oil discoveries are
offset by depletions before 2030*. These disparities will mainly occur in Sub-Saharan Africa. On the other
hand, global warming levels greater than 2°C will damage global biodiversity, natural ecosystems, water
supply, food production, and health. 2013, the world warmed by nearly 1°C compared to the preindustrial
revolution stage.’ The 2010 Cancun Climate Change Conference of Parties and Paris Agreement 2015 stated
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that the rise in world temperatures to "well below 2°C and limit to 1.5°C" cannot be attained without biofuel
6,7

Liquid biofuels are needed to transport fuel, fuel enhancers, and fossil fuel substitutes and satisfy government
use mandates or environmental regulations. The fuel enhancer property of liquid biofuels is higher octane
content in ethanol than gasoline and more excellent lubricity in biodiesel than diesel during blending. Large-
scale initiation for the production and use of liquid biofuels occurred in Brazil and the United States in
response to the 1973 oil export embargo imposed by the Arab members that increased oil prices. In the 1970s,
liquid biofuel was in supply shortage and cost, and again, in the 2000s, it was in demand driven by
environmental concerns of climate security. Policy-driven liquid biofuels were used, and as of 2016, such
liquid biofuel blending mandates were established in around 70 countries in the world®. Blending of liquid
biofuel was started 50 years ago in Brazil, and eastern African countries like Ethiopia have been blending
ethanol into gasoline since 1979°. For the future, countries like Malawi planned E20 (20% ethanol and 80%
gasoline), and Brazil E100, and Indonesia B20 in 2025'°.

Proper technological and governance support to deploy over 200 EJ bioenergy coupled with CO» capture and
storage could help to keep global warming below 2°C of preindustrial levels.!! However, bioenergy feedstocks
are land and water-intensive, which could affect ecosystems, biodiversity, and livelihoods. On the other hand,
it is believed that integrating bioenergy systems into agriculture and forest landscapes can improve land and
water use efficiency to reduce environmental impacts.

Biofuels have a carbon-neutral effect on climate security by reducing the emissions from fossil fuel use. The
type of land cover used and feedstock produced determines the emission from liquid biofuel. Studies showed
that the foreseeable deployment of biofuels varies at the global and national levels depending on technological
developments, land availability, financial viability, and mitigation policies'!. Sub-Saharan Africa possesses
considerable resources to produce sustainable liquid biofuels. The biomass feedstocks are neither in conflict
with food supplies nor increase carbon dioxide emissions because there are ample land areas that avoid
deforestation. Since land availability is not a limiting factor for the production of bioenergy, about 30% of the
world's fuel supply could be bio-based in 2050°. Liquid biofuel feedstocks are commonly sugar cane, sugar
beet, corn, oil palm, coconut oil, rapeseed, and soya beans. Ethanol was mainly produced in the US and Brazil,
accounting for around 60% and 25% of the global total in 2012, where corn and sugar cane were the primary
feedstocks. It is widely recognized that most food insecurity is caused by poverty and associated public policy
failures rather than actual food shortages. Poor productivity and not a shortage of land usually caused food
shortages. Several studies have indicated the existence of enough arable land for food and bio-energy
feedstock cultivation for national and export markets in the African Region. Some African countries have a
biofuel strategic plan and allocate 10-20.6% of their land to energy crops. However, it is essential to
understand the biofuel strategy's status based on the sustainability guidance to individual countries in
developing policies and regulations'?. This review aimed to determine land and feedstock availability trends
for liquid biofuel production, emphasizing eastern Africa.
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Figure 1. Map of East Africa, highlighting the countries of Djibouti, Eritrea, Ethiopia, Kenya, Somalia, South Sudan, Su-
dan, Tanzania, and Uganda. Major cities are also indicated. Based on a map by Peter Fitzgerald, amendments by Bur-
mesedays, CC BY-SA 3.0 https://creativecommons.org/licenses/by-sa/3.0, via Wikimedia Commons

Land availability for the production of liquid biofuel

The land occupancy of eastern African people in 2015 had an average density of 82.08 persons per km? '3,
The availability of land for liquid biofuel development in East African countries is well publicized, and the
governments were calling for investors. However, forest and woodland cover of eastern Africa was about 13 %
of the total area'* with an annual forest cover change rate of 0.51. The countries in the east of Africa identified
that the land is suitable for biofuel crop production. In Ethiopia, 23.3 m ha of land was estimated to be
appropriate for biodiesel crops'® and 333,500 ha for bioethanol crops (sugarcane) production'®. In 2010, there
were about 82 registered biofuel investors in the country since 2006, mainly for cultivating energy crops for
biodiesel production'®.

Sudan has over 60 million hectares of land cultivated through underground water irrigation'’. In Uganda,
about 60% of the arable land area for crop production was suitable for Jatropha production, 50% for sugarcane,
and 30% for Oil palm'®.

3clinicalBiotec



https://clinicalbiotec.com/
https://creativecommons.org/licenses/by-sa/3.0

https://bionaturajournal.com/

Bionatura Journal 2024, 10.70099/B]/2024.01.04.21.

In Tanzania, about 435,000 ha of land had been acquired for biofuel production, mainly by foreign investors
for sugar cane, oil palm, Jatropha, white sorghum, and sunflower'®. The request was about 30,000 to 2 million
area by 37 companies.?’ In Uganda, Nexus Biodiesel Ltd., a private company had planted over 400 ha of
Jatropha in Isimba and Masindi areas in collaboration with over 2,000 registered out-growers in around 2010%!.

In general view, to satisfy the growing demand for liquid biofuel, developing countries have more land area
than developed (Table 1). Sub-Saharan Africa has 1.074 Gha land for crop cultivation. The land area cultivated
in the world out of the potential cropping area is 28%, in Sub-Saharan Africa 17%, and in developed countries
34.9%. Especially in Sub-Saharan Africa, although the suitable land area is 27.7% of the total land area, the
cultivated land area is lower than the other countries (Table 1, Figure 2,3 and 4), which indicates the future
possibility of cultivating food and bioenergy crops. Africa generally has over one billion unutilized land,
which can be used for liquid biofuel crop production®* 3.

Places World Sub-Saharan  Developing Developed
Africa countries countries
Total land surface area 13295 2281 7487 5486
Unused as of 1999-2001 3236 890 2190 1037
Not suitable as too low-yielding 1824 438 1227 590
Potential land area available for rain- 1412 451 963 447

fed agriculture
Table 1. Land with rain-fed crop production potential by region (million ha)?*
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Figure 2. Land availability for biofuel production in different regions24
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Land Surface and Potential for Cropping in Different Regions
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Figure 3. A comparison of land suitable for agricultural food crops and bioenergy crops24
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Figure 4. Area of land (percentage) suitable for agricultural food crops and bioenergy crops24

As shown in Figure 2-4, Sub-Saharan Africa has the highest rate of suitable land, followed by developing
countries, the world average, and developed countries.

The availability of land requires proper policies and improvement of soil fertility. Eastern African countries
like Ethiopia and Sudan had no National Land Policy (NLP) (Table 2) that impeded land use planning. Most
people in East Africa live in rural areas with subsistence income. Therefore, extensive farming practice
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requires technological improvement. The lack of clear land tenure was another long-term investment problem
(Table 2). The low proportion of the potential arable land requires additional water and nutrient input based
on the topographic landscape.

Trends of feedstock availability for liquid biofuel production in eastern Africa

Several biofuel feedstocks, including Jatropha, castor, palm oil, soya bean, sunflower, sugar cane, cassava,
sweet sorghum, maize, potatoes, macadamia etc., have been growing under a wide range of altitude,
temperature, and rainfall conditions. Moreover, the UN document’! on biofuel revealed the need to assess
additional biofuel feedstock sources, technology availability, and capacity and skill set based at the local and
community level, which are well adapted to agroecology and society. This explains that local resources may
fit well with the local conditions because of the suitability of the environmental requirements. For example,
sugar cane has 4000 to 8000 liters of bioethanol per hectare, low vulnerability, and minimal impact of climate
change (Table 3). In the case of adverse environmental effects, irrigation application and soil fertility
maintenance using residues, compost, and biochar are essential.

3 clinicalBiotec


https://clinicalbiotec.com/

https://bionaturajournal.com/

Bionatura Journal 2024, 10.70099/B]/2024.01.04.21.

Country Total area

Ethiopia®® 1,101,000
km?

Kenya?® 582,646 km?

Sudan?”® 1,861,484
km?

Tanzania® 945,087 km?

Uganda® 241,500 km?

Density of
People 2015

88.2

79.0

21.6

56.6

165.4

Land tenure

The land is state-owned, and the people have only user rights over
plots they possess. Land cannot be sold, exchanged, or sold but can
be leased in the short term.

Dual system based, in one case, on principles of English property
law and, in the other, on a primarily neglected regime of customary
property law

Land in Kenya is vested in the President in trust for the people of
Kenya

The State asserted direct control over land and resource use, abro-
gating customary laws and expelling existing users without com-
pensation. Even ownership rights for registered lands along the
Nile in Northern Sudan were converted to user rights.

Unclear landowners in Sudan constitute significant constraints to
long-term land and land resource use patterns.

Radical title is vested in the President as trustee for the people.
After independence, all frecholds converted into 99-year lease-
holds, and leaseholds converted into rights of occupancy

The radical title of land in Uganda is vested in the citizens of
Uganda by the 1995 Constitution.

However, critical natural resources are vested in the government
in trust and for the common good of all citizens of Uganda.

The majority of the land is under customary tenure, about 85 %

Table 2. Land area, land tenure, and land use in selected eastern African countries

Land use

Ethiopia has no National Land Policy (NLP).

Potential arable land is 6.3 %.

Expansive rangelands comprise 56 % of the country's
surface area;

Forest covers >11 % of the land. About 42.3 % of the
land is devoted to pastoralism in the arid zones.

Kenya has NLP. About 20 % potential arable land, 10
% forests, woodlands, and game parks, and the rest is
arid or semi-arid. The income sources are tourism, fol-
lowed by agriculture and manufacturing.

Sudan does not have a NLP. Arable land is 5 %; perma-
nent pastures 46 %; forests & woodland 19 %; and other
30 % (1993 est.). Agriculture accounts for almost 40 %
of GDP and supports approximately 80 % of the popu-
lation.

Tanzania formulated NLP in 1995. About 70 % is
village land, 2 % is general land, and 28 % is forests and
national parks. Agriculture contributed about 45 % of
the economy.

Uganda has formulated NLP in 2007. Potentially arable
land 70.8 %. Agriculture contributed about 43 % of the
economy.
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Major Average
biofuel annual
crops rainfall (cm)
Sugarcane 150 -250
Sugar beet 50-60
Maize 70-150
Sweet 45 - 65
Sorghum
Cassava 100- 150

Land and Climate

Tropical and Sub-
tropical-Good quality
land

Temperate zone
crops produced in the
Northern
Hemisphere at
latitudes of 30 to
60°N with 6.0 to 8.
pH soils
Semi-arid-moderate
to high-quality land

Warm and hot
countries are
characteristic of the
semi-arid
environment. 26-
30°C

tropical lowlands-
humid-warm
climates at 25 - 29°C
temperatures

Cultivation practice

Intensive irrigation +
fertilization and
maintain soil through
residue and wastes
Intensive irrigation in
dry areas

Intensive practices and

fertigation for high
yields

Intensive practices and

fertigation for high
yields

Intensive practices,
fertigation for high
yields

Yield (litres/ha)
bioethanol or
biodiesel

4000-8000

714 gallons per acre

700-3000

3000-6000

1750-5400

Impacts of
climate change

Minimal impact
and low
vulnerability

Vulnerable

Reduce yield
(up to 25-50%
decline) and
highly
vulnerable
Minimal impact
and low
vulnerability

Minimal impact
and low
vulnerability
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Adaptation practices

Assured irrigation, increased irrigation
efficiency and efficient water
management, and added leaves to soil

Increase irrigation efficiency and
efficient water management, and add
leaves to soil.

Soil & water conservation, drought
resistant verities, and irrigation and
evenly distributed annual rainfall
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Oil palm 180-500

Jatropha 60-120

(Seeds)

Woody 50-500

Biomass
(ligneous
biomass)
such as
Eucalyptus

Moderate-high
quality land-Humid
tropical

Tropical, Sub-
tropical, and semi-
arid, poor to
moderate land and
not irrigated but
drought resistant
Arid, semi-arid,
humid-tropical to
temperature-poor
quality land and
drought-resistant

No irrigation in
Humid-fertilize for
high yields

Not intensive and no
irrigation and fertilizer
application

No irrigation,
fertilization, fertilizer
application, and Low
intensification.

2500-6000

400-2200

5-10 t/ha/year

High
vulnerability
and reduced
yield
Low
vulnerability

Minimal impact
and low
vulnerability

Table 3. The environmental requirement of primary liquid biofuel feedstocks in Eastern Africa*
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The productivity per unit area depends upon crop variety, soil quality, rainfall and dry season irrigation,
nutrient supplements, and cultural practices. For example, traditionally grown sorghum in Kenya does not
contain a sweet stalk because it is primarily grown for food. However, cultivating high-yielding sweet sorghum
varieties could produce grain for food and sugar for ethanol without competing with existing agricultural
production®*. Forexample, suitable zone of sugar cane, oil palm, sorghum, cassava and maize in Africa
are in different studiess®.

In selecting potential feedstocks for biofuel production, it is essential to consider if the current domestic
production levels of food and animal feed are in balance with the domestic demand. Moreover, the availability
of purchasing power for some food from increased biofuel production may also be another option. If
domestically produced crops can fetch more value as a biofuel feedstock than a food crop, the local food
market can meet demand at affordable prices. For example, sugar cane and sugar returns as feedstock for
liquid biofuels are greater than cassava and sweet sorghum. That is, sugar cane, sweet sorghum, and cassava
could cost more than $2,000, $800, and more than $200 per hectare annually. The returns are many times
higher than those of growing maize and beans. Studies also showed that the food value of cassava, sweet
sorghum, maize, and beans is better than that of biofuel demand*. Conversely, sweet sorghum requires one-
third less water than sugar cane to produce a unit of above-ground biomass (and a liter of ethanol), making it
well-suited to drought-prone sugar-producing regions®>. The price returns to oil crops like Croton
megalocarpus and Jatropha curcas for biodiesel are $150 and less than $150 per hectare per year. However,
these tree crops are helpful for shade and hedging within existing farm systems; the oils can be used locally,
either as straight vegetable oil or processed to biodiesel to power diesel engines and motors in remote areas
where there are imported fuels*.

Ethiopia has been producing bioethanol in small amounts since the 1950s from sugarcane molasses. Ethiopia
attempted to produce ethanol from sugar cane to blend with gasoline in 1979; however, the lack of commercial
feedstock and bioethanol production delayed nearly 30 years’. Since 2005, the Fincha sugar factory has
produced 6 million liters of anhydrous ethanol annually as a result of a sales contract agreement entered with
a foreign Italian company with an ex-factory price of $0.202 per liter until the government's decision banned
the export and to use for local gasoline blending®®. Metehara and Fincha sugar factories have been producing
8-million-liter bioethanol (in 2007), with plans of 83.5 million liters (in 2011) and 137 million liters (in 2015).
Nile Petroleum agreed with the Ethiopian Ministry of Mines and Energy>’ as the sole blending agent for three
years. Later, Nile Petroleum, Oil Libya, and National Oil Company Plc (NOC) were engaged in the blending
business. Ethiopia started to provide a 5 % ethanol benzene blend (ES) for the market in 2009. Ministry of
Mines and Energy planned to increase the amount of bio-ethanol in the blend to E10 by 2012, E15 by 2013,
E20 by 2014, and E25 by 2015. It was also revised to produce B5 and E15 in 2030°%. In Ethiopia, there were
eight existing sugar factories and five new factories under construction, totaling 13 factories that will function
at full capacity by 2023. All are supposed to produce both sugar and ethanol.

The agro-climatic conditions of Ethiopia are suitable for sugarcane production, high productivity per hectare

(around 150 tons/ha), and high sucrose content (10-14 %). It takes around 1 ton of molasses to produce 250
liters of ethanol. The Sugar Corporation, together with Ethiopian Minerals, Petroleum, and Bio Fuel
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Development Corporation, declared to produce 50,000 liters of ethanol per day at Omo Kuraz III Sugar
Industry®.

The primary feedstocks in Kenya are rape, soya bean, sunflower, peanut, cotton, avocado, Melia volkensii,
Croton megalocarpus, Jatropha curcas, castor and coconut palm. Croton and Jatropha seem to be the cheapest
feedstocks in Kenya compared to coconut and castor. However, farmers have little experience growing Croton
and Jatropha as plantation crops, and the cost of production and revenues are less known*’. Moreover, greater
attention was paid to ethanol production from sugar cane molasses due to the growing poor productivity of
Jatropha curcas. Moreover, the bagasse of sugar cane was also used mainly for electricity cogeneration instead
of bioethanol production*'.

In Sudan, LPG (i.e., propane, butane, or a mix of the two) is already the most utilized alternative to solid
biomass for cooking. LPG is among the few cooking fuels, such as ethanol, methanol, biogas, biodiesel, and
electricity, that can meet the indoor pollution standards set by the World Health Organization*?. Sudan has a
large sugar and ethanol-producing Sugar Company. Ethanol was made from sugarcane molasses, and there
were five sugar factories. 2009 Kenana Sugar Company (KSC) launched 65 million liters annually of molasses
fermentation ethanol production. About 90% of this ethanol was exported to the EU, and some of it was put
in refueling stations in Sudan to sell as an E10 blend. The 2020 plan was to produce 200 million liters of
ethanol. Sweet sorghum was also in consideration for ethanol production*’. Kanana Sugar Company (KSC)
made Sudan the biggest anhydrous ethanol exporter in Africa, next to South Africa. The company is planning
to increase ethanol production by about 5-fold*. Sudanese experience in the previous extraction of crude oil
is a potential to upgrade pyrolysis bio-oil to biodiesel and jet fuel from the thermochemical processes of
lignocellulosic biomass. Jatropha has been cultivated on a small-scale farm for biodiesel production, and other
biodiesel crops have been searched. In Sudan, in 2001-2002, the four Sudanese government sugar companies
(SSC) produced almost 284 thousand metric tons of bioethanol compared to KSC's 405 thousand metric tons**;
however, in the 2002-2003 season, the SSC plants increased their production to almost 300 thousand metric
tons (ca. 6% increase).

In Tanzania, biomass energy production has become unsustainable, and the demand is accelerating year after
year because of the low priority given by almost all key government agencies for the daily needed biomass
energy, with perceptions that biomass energy is an inferior energy source®’. However, there are success stories
of producing biodiesel for mini-grid electric generation. The primary feedstocks for liquid biofuel production
are sugarcane, cassava, maize, sorghum, millet, sisal, and rice for bioethanol and Jatropha, oil palm, cashew
nut, coconut, sunflower, castor bean, soybean, groundnut, cotton, sunflower and Crofon megalocarpus for
biodiesel. FELISA Co. Ltd. (Farming for Energy) produces palm oil in an integrated system for better
Livelihoods in Southern Africa. UNIDO launched biomass pilot projects in Tanzania's Kigoma and Dodoma
regions to generate electricity from liquid biofuels from palm oil seeds to serve the project village*®.

Uganda began commercial production of ethanol using sweet sorghum in 2007%. Liquid biofuels could be
more than the demand of the transport sector of Uganda by 2050 if the appropriate policies are formulated.
The government also believes biofuels can benefit Uganda by providing access to clean energy services and

foreign investment. Sweet sorghum and sugar cane are competitive and can be processed in the mill. There
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are sweet sorghum varieties as productive as sugarcane, with yields of 2—4 tons of grain, 57 tons of dry leaves,
15-20 tons of bagasse, and 5-9 tons of syrup, or 3,000—4,000 liters of ethanol per year**. In Uganda, the
agroecological condition favors the growth of Jatropha, sugarcane, and oil palm biofuel feedstocks. Sugarcane
as a biofuel feedstock was supposed to have a positive energy balance and was likely to increase sugarcane
prices that benefit small-scale farmers. Maize is also a promising feedstock because food and ethanol
production benefits farmers'®.

Uganda was researching monitoring the agronomic performance of Jatropha curcas experiments in 2009 by
the National Forestry Authority (NFA) and on the ways of producing bio-ethanol from non-food
lignocellulosic feedstock such as elephant grass, cassava, and wood by National Crop Resources Research
Institute. Oil palm (Dura variety of palm oil) was introduced to Uganda in 1910 and naturalized in Bundibugyo
district at 750-1000 m above sea level. In 1990, fresh fruit bunch yields of 14 to 17 metric tons/ha/year at 11
years were obtained in Kituza without any soil amendments. In the Bundibugyo district, about 5,000
households cultivated 10 to 50 palms yearly and extracted 500,000 liters of palm oil annually'®.

NEMAU'" also recommends using Jatropha for medicinal, pesticide, and other non-fuel uses with oil and
biodiesel. The surplus production of maize and sugar cane food crops could make liquid biofuel a lucrative
business in Uganda. The successful implementation of the biofuel industry at different levels requires the
initiation of smallholders to produce feedstock and government subsidies for the industry. Then, Biomass
biofuel feedstock identified in Uganda showed that proper use of the feedstock could meet the needs of the
transport sector by 2050%.

In eastern Africa, studies showed that if farmers could increase their crop productivity, they would have more
food and utilize crops and residues for biofuel production, increasing their income. Although the first-
generation liquid biofuels are produced only from food crops, technologies are currently emerging to produce
liquid biofuels from crop residues or any form of biomass. Therefore, the solid biomass production potential
indicates the more significant potential of liquid biofuel like lignocellulosic ethanol. Eastern Africa's rural
livelihoods and food security are highly vulnerable to climate variability, which includes a lack of sufficient
moisture and shifts in crop-growing season conditions because agriculture is heavily dependent on rain>.

Liquid biofuel technology and innovation can be used to pump water from boreholes for small-scale irrigation.

In eastern Africa, biomass is a massive target of energy generation, like Ethiopia, I00MW; Kenya, 44MW;
Sudan, 54MW; Tanzania, 100MW; and Uganda, 90MW. In the 2020s, much of the wood demand in eastern
Africa was used for traditional wood stoves. However, as time proceeds, biomass-saving modern stoves,
conversion of biomass to biogas, and electrification of cooking and heating, as African economies develop,
will leave more biomass available for advanced liquid biofuels. Wood processing residues are the most cost-
effective in circular biofuel economy as they can be collected over a concentrated area with low cost to
transport and moderate seasonal fluctuation in feedstock availability®'.

Increasing production by using high-yielding varieties under irrigation is essential for an adequate supply of
biofuel feedstock.*’ A study and observation in Ethiopia, Kenya, Sudan, Tanzania, and Uganda revealed that
enough suitable land is available outside the existing agricultural production area to produce bioethanol and
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biodiesel. However, Sulle and Nelson®? emphasized that Tanzania already faced tensions over rights to use
and allocate land among private, local, and governmental actors. Concerns about land laws, such as land
compensation payments for displaced people due to biofuel production, are insufficient to promote alternative
livelihood opportunities. Allocation of villagers' forest land used for forest-based economic activities to
biofuel crop production was the most likely area to create frequent negative local impacts and grievances. On
the other hand, the government showed a willingness to revise biofuel guidelines and policies based on field
experiences. Similarly, Ethiopia, Kenya, Sudan, and Uganda showed different degrees of conflict on land
allocation for liquid biofuel production.

Biomass for advanced biofuel production

Biomass is Africa's leading source of primary energy. Biomass can be renewable or non-renewable depending
on the location of natural occurrences, regeneration, and human management. In most countries, the fraction
of non-renewably lost biomass from traditional bioenergy use range between 10-30%?>*. Saving potential bi-
omass through better conversion technology to liquid biofuels would restore local ecosystems. Lignocellulosic
biomass produces advanced biofuels. Lignocellulosic biomasses are obtained from woody residues and other
agricultural wastes. Eastern African countries have rich sources of annual residues that can be converted to
liquid biofuels in the sustainable circular economy without additional land from agriculture or forestry. For
example, Ethiopia, with a land area of 1.1 million km* has an annual production of 105.2 million tons of
woody residues and 19.7 million tons of agricultural residues®> (Table 4) that accounted in solid biomass
energy consumption from the total final energy in 2012 from 85 to 92% (Figure 5). Ethiopia has the highest
total biomass supply, followed by Tanzania, Sudan, Kenya, and Uganda. Although residual biomass can be
collected freely, the National Land Policy (NLP) affects the local people, which determine the land use for
different agricultural practices.

Country Total amount of biomass (supply)

Total firewood in the country in 2012 Total agricultural Residues 2012

Ethiopia®> 105,172,465 tons/yr 19,724,725 tons/yr
Kenya?® 33406626 m>/year 3,085,800 m>/year
Sudan?’?  13.806million m*/yr 11.2million tons/year

Tanzania?®  44million m?/yr -
Uganda® 8,199,456 tons/yr 488,106 tons/yr

Table 4. Land areas and solid biomass energy production per year of selected eastern African countries

3clinicalBiotec


https://clinicalbiotec.com/

https://bionaturajournal.com/

Bionatura Journal 2024, 10.70099/B]/2024.01.04.21.

94

92

90

88 ® Solid biomass
share (%)

86

84

82

80 ‘ ‘

Ethiopia Kenya Sudan Tanzania Uganda

Solid biomass energy from the total
final energy consumed (%)

Country

Figure 5. Percentage of solid biomass energy from the total final energy consumed in 2012

Integration of perennial and annual plant land uses for biodiesel production.

Integrating different land uses, including perennial and annual plants, was perceived to benefit the
environment and abate climate change based on appropriate land use plan.. Perennial bioenergy crops harbor
biodiversity, regulate flooding, and filter nutrient run-off into waterways>* as shown in Figure 6. Moreover,
perennial crops have better fuel quality than annual crops. Jatropha oil is just one of many pure perennial plant
oils. Vegetable oil or biodiesel can be used for different purposes, such as lighting lumps or transport engines.
Although using pure plant oil instead of converting it to biodiesel reduces the costs involved in
transesterification, pure plant oil has a higher viscosity than normal diesel or biodiesel, leading to unsuitable
pumping and fuel spray characteristics. As a perennial plant, the Jatropha oil has a better fuel property because
of its lower viscosity of 34-36 c¢ST than other plant oils like cottonseed (36 cST) and sunflower (43 c¢ST)>>%,

Figure 6. Integration of perennial and annual plant landuses

Greenhouse gas emissions in the production and consumption of liquid biofuel
Land-use change due to deforestation in the tropics significantly affected carbon dioxide emissions in the
1990s, which emitted 0.5 to 2.7 Giga tonnes of carbon (GtC) per year®’. This emission aggravated carbon

dioxide (CO») induced climate change™%.
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The unprecedented climate change will likely increase arid and semi-arid areas in eastern Africa, reduce up to
50% yield of rain-fed agriculture, and face increased water stress by up to 250 million African people.
Providing forest biomass for energy could change the management of forests, resulting in losses and gains in
forest carbon stocks®. In the absence of sustainable management, forest bioenergy systems can have higher
cumulative CO2 emissions than a fossil reference system at the different steps of the life cycle®®. Biochemical
and chemical processing of waste biomass to produce transport and cooking fuels are among the most cost-
efficient and effective biomass applications for GHG emission reduction®'. Liquid biofuel productions are
among the most cost-efficient and effective biomass applications for GHG emission reduction. Biofuels could
reduce GHG emissions by 10 to 90 % compared to fossil fuels®?.

More than 650 million people in Africa are predominantly farmers and depend on rain-fed agriculture. To
reduce the impact of climate change and achieve sustainability on land use and land cover change, it is essential
to reduce poverty, use alternative energy sources, and create environmental education and awareness’®. Liquid
biofuel is needed to improve the already occurring water scarcity and land degradation, which will be further
exacerbated by overgrazing, deforestation, over-cultivation etc®.

Liquid biofuels mitigate climate change by reducing carbon dioxide (CO2) emissions when compared with
fossil fuels because the CO2 emission during biofuel production, processing, and combustion of biofuels is
equivalent to the amount of carbon absorbed during plant growth. Then, the reduced emissions can be sold as
carbon credits through the clean development mechanism (CDM) or the voluntary carbon market. However,
if there is deforestation, there could be net emissions. There is also smokes created by burning the leaves and
other wastes in sugar cane harvesting, which require a method for soil fertility.

The Kenyan biofuel strategy of producing biodiesel aimed at reducing the number of households using fuel
wood and kerosene. The number of households using kerosene was planned to be reduced by 50% by 2050%.
This complies with the sustainability criteria of GBEP65, which states that modern energy services for cooking
are based on energy efficiency and safety for human health. If bioethanol is supplied with a tax exemption, it
could displace charcoal and kerosene, which are harmful to the health of households.

Liquid biofuel production

First-generation biofuel crops such as Jatropha, Croton, castor, sugarcane, and cassava are famous for
producing liquid biofuel, which the whole world is undertaking. However, the second-generation feedstock
called lignocellulosic biomass wastes is also in ample supply and can produce liquid without competition for

t% of 1tone of firewood as 2.1m?* and 1tone of agricultural residue

land with crops. By considering the weigh
2.81m?, the ethanol production of 1tone of firewood biomass®” as 338.31 L, and 1 tone agricultural residue®®
as 0.344L, the eastern African countries could produce more incredible amount liquid biofuel when compared
to their annual imports. In Ethiopia, firewood biomass could produce 35.581billion liters of bioethanol, and
agricultural residues produce 6.785million liters of ethanol, which is greater than the 4.5billion liters imported,
that provides an extra 31.088billion liters for additional purposes or export (Table 5). All the countries shown
produce extra ethanol for additional income sources from imports except Kenya, where biomass was not
sufficient to substitute for imports. Sudan imports only 50% of diesel and 15% of LPG consumed in the
domestic market and exports a small amount of gasoline. In 2020, there was no import of petroleum in Sudan

(Table 5).
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Country Firewood biomass one tone to Agricultural residue one tone to | Total lignocellulosic ~ Import (L) Extra-produced
338.31L lignocellulosic ethanol”  0.344L lignocellulosic ethanol® ethanol (billion L) liquid biofuel
(billion L)
Ethiopia 35.581billion 6.785million 35.588 4.5billion in 2019 31.088
Kenya 5.382billion 0.379million 5.382 6.1billion in 2018  -0.718
Sudan 2.224billion 3.853million 2.228 No import in2019  2.228
Tanzania | 7.088billion 0.282million 7.089 3.6 billion in2020 = 3.489
Uganda 2.774billion 0.168million 2.7741 2,047,237 in 2020 = 2.772

Table 5. Second-generation lignocellulosic ethanol production compared with petroleum import

Other Eastern African country biofuel production
Brundi has been sourcing most of 95% of its power from hydroelectricity, and over 97% of the people use
solid firewood. From 2000 to 2023, no liquid biofuel production was done in Burundi®. In Djibouti, 67% of
the total primary energy supply is dominated by biomass, which is in the trend of replacement by kerosene
and other renewable energy’ such as solar, wind, and geothermal energy in 2015. Then no record of liquid
biofuel was obtained in Djibouti in 2024. Different feedstock types give different liquid biofuel production
chances, as shown in Table 6.
Liquid biofuel pathway Feedstocks Fuel types
Conventional bioethanol Sugarcane, molasses, sweet sorghum, Ethanol
cassava, corn
Cellulosic ethanol Sugarcane bagasse, cassava stems, Ethanol
biological portion of municipal solid
waste, wood residues, palm residues, rice
straw, corn stalks, grasses
Gasification-Fischer-Tropsch Natural gas, coal, petroleum coke, and Renewable diesel, jet fuel,
synthesis the same kind of biomass as is used for = gasoline
cellulosic ethanol
Hydroprocessing Palm, coconut, soybean, Croton, Hydrotreated vegetable oil or
Jatropha, animal fats renewable diesel, and hydro
processed esters and fatty acids
Biodiesel/fatty acid methyl ester = Palm, coconut, soybean, Croton, Biodiesel

Jatropha, animal fats
Table 6. Liquid Biofuel Production Pathways for Eastern Africa

Social and economic impacts of biofuel production on local communities

The social impacts of using biofuels in local communities are creating jobs and income at the agricultural
phase of production and in the industrial processing stage. In other countries, such as Indonesia, the biodiesel
mandate of B35 showed a positive impact and a significant contribution to national energy consumption .
The success stories in food security, social development, and bioenergy development were synergistic in
countries like Brazil, which can be lessons for African countries. That success was obtained from good
governance, modern technologies, and business models. Integrating bioenergy with food crops and livestock
attractively offered an alternative agricultural business model for specialized land use. In the same way,
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evidence showed that food security and economic development in Africa could be facilitated with modern
bioenergy’?.

However, inappropriate land use planning could result in competition between land and crops for fuel and
food, resulting in an ultimate conflict of investment on biofuel and termination of biofuel, as shown in the
2010s, when all initiated biofuel investments were terminated.

Challenges and barriers to biofuel development

The eastern African countries, similar to other developing countries, were challenged with inappropriate
policies and a lack of technology to use the available land and biofuel feedstock’>. The road network and farm
management practices of the required infrastructure in Eastern African countries are not well developed.
Government policies also determine the market developments of biofuel because the government is the leading
actor in fuel import. Generally, guidelines, markets, and infrastructure for biofuel production are poorly
developed in Eastern African countries’®. Therefore, solving the barriers requires awareness creation at local
people and government levels on developing appropriate infrastructure selection of land and species for
biofuel production. The bottom-up approach of development-oriented research should be devised at the
institutional level.

CONCLUSION AND RECOMMENDATIONS

Liquid biofuel development is essential for advancing agriculture through increased productivity, diversifying
crop variety, providing energy for mechanization, and market opportunity. Biofuel is also needed to reduce
emissions created by fossil fuels based on sustainable production that doesn't compromise food and land.
Efficiency and innovation on land and feedstock utilization for liquid biofuel production are crucial based on
sustainable development. Biofuel production that avoids deforestation and uses circular economic concepts is
the basis of sustainable development. Eastern African countries have better potential of producing liquid
biofuel because of the vast unutilized land area, suitable soil, climate, and a wide variety of feedstocks. The
unprecedented climate changes, which will increase the vulnerability of the eastern African people to different
socioeconomic factors, require liquid biofuel because liquid biofuels can be stored and used. In addition to the
availability of land for first-generation energy crops, eastern African countries have woody and agricultural
residues; Ethiopia, Kenya, Sudan, Tanzania, and Uganda can produce 35.590billion liters, 5.383billion liters,
2.230billion liters, 7.090billion liters, and 2.770billion liters of lignocellulosic ethanol which is higher than
their annual import of petroleum. Other Eastern African countries, such as Brundi and Djibouti, had no liquid
biofuel production until 2023.

Since many first-generation biofuels are made from food and feed crops, they may be sources of land use
change emissions; therefore, sustainable and environmentally friendly feedstocks should be chosen to support
low-carbon growth. The potential of eastern African land and feedstock should be used to improve the
livelihood of the people by using the global market demand for liquid biofuel, to reduce fossil-based emissions,
create jobs for the population, and use the culture of smallholder agriculture as an out-growers scheme,
feedstock sale and to create small industries. However, the rain-fed practice is deplorable, and therefore,
fertilizer and irrigation coupled with improved varieties should be used by smallholder farmers and large-scale
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producers to increase productivity in appropriate land use plan. Moreover, capacity should be developed to
produce lignocellulosic liquid biofuel from the waste biomass.
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