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Preface

The book “Bioenergy for Sustainable Development in Africa” is a response to the
current global discussion on sustainability of bioenergy which often neglects the
needs and perspectives of developing countries. In five parts on “Biomass Production
and Use”, “Biomass Technologies and Markets”, “Biomass Policies”, “Sustainability
of Biomass Production and Use”, and “Financing and Socio-Economic Issues” the
book addresses in 31 chapters bioenergy development opportunities for Africa and
related risks. Contributions to this book are based on the experience of selected
authors from Africa, Europe, and other continents, including researchers, investors,
policy makers and other stakeholders such as representatives from NGOs.

This publication builds upon the results of the “COMPETE Bioenergy Compe-
tence Platform for Africa” which was supported by the European Commission in the
Sixth Framework Programme for Research from January 2007 to December 2009.
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Biomass Production and Use



Chapter 1

Keynote Introduction: Traditional
and Improved Use of Biomass

for Energy in Africa

Edward Smeets, Francis X. Johnson, and Grant Ballard-Tremeer

Abstract Traditional biomass energy systems are widely used in Africa, mainly
because of the low cost and lack of available alternatives in rural areas. Projections
indicate that the (relative) contribution of traditional bioenergy will decrease, but
that the total use of traditional biomass energy systems will increase during the
coming decades. The efficiencies of wood-fuel (firewood and charcoal) energy systems
are usually low and the use of these systems has serious negative consequences,
such as indoor air pollution and related health effects, deforestation and the labour
intensive and sometimes dangerous process of firewood collection. Improvements
in stoves, charcoal production efficiency and switching fuels can increase the
efficiency by several tens of percent points and thereby reduce the demand for
labour for the collection of firewood and the costs. Other advantages of improved
traditional bioenergy systems are reduced greenhouse gas emissions, reduced indoor
air pollution and reduced deforestation. Various initiatives have been successful in
implementing the use of improved household stoves, although the results suggest
that the success of improved traditional biomass systems depends on the local
conditions and socio-economic impacts of these systems.
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Keywords Wood-fuel ¢ Fuel-wood ¢ Firewood ¢ Charcoal ¢ Traditional energy
systems * Fuel-wood stoves ¢ Charcoal kilns ¢ Efficiency ¢ Indoor air pollution
* Black carbon ¢ Incomplete combustion * Energy ladder ¢ Dedicated woody energy
* LPG ¢ Kerosene * Biogas ¢ Ethanol ¢ Ethanol-gelfuel

1.1 Introduction

Biomass currently accounts for about 10% of the total global energy supply, making
it by far the most important renewable energy source (IPCC 2007; IEA 2008; IEA
2009). Most of this biomass (70—-80%) consists of wood, agricultural residues and
urban waste and is used in traditional stoves for cooking and heating (IPCC 2007).

Biomass sources for traditional bioenergy systems include fuel-wood and char-
coal (wood-fuels), animal dung and crop residues. In many countries, fuel-wood
accounts for 80-100% of biomass use, although the percentage is lower in east
South-East Asia, where there is significant use of agricultural residues and/or dung
(Table 1.1). Typical devices used in households are the three-stone fire-place, or
simple cooking enclosures. Traditional charcoal production is typically carried out
with a simple ‘earth mound kiln’, and charcoal burned in simple braziers. Apart
from the household sector, biomass is also used by small and medium-sized enter-
prises in a variety of traditional commercial applications as well as small and
medium enterprises of developing countries. Since charcoal and fuel-wood account
for more than 90% of traditional biomass in Sub-Saharan Africa, the focus in this
chapter is especially on fuel-wood and charcoal.

Traditional bioenergy systems have several important disadvantages. First, the
quality of the energy services provided is extremely low in comparison to the energy
and economic expenditure. The efficiencies of such systems are often low (7-20%)
and they provide only low grade heat that cannot be easily regulated. Large volumes
of biomass are needed to meet the daily energy demand. Women and children are
mostly responsible for the labour intensive collection of fuel-wood, which can take
up to 8 h per day (World Bank 2008). Further, traditional bioenergy systems typically
have no chimneys and, combined with poor ventilation, lead to high levels of indoor

Table 1.1 Estimated use of biomass for cooking in various world regions (Mm?)

Fuel-wood Crop residues Dung Charcoal
North America 41 0 0 0
Latin America 80 0 0 16
Africa 371 52 0 14
Europe 147 0 0 0
South Asia 344 76 75 3
East Asia 193 323 0 0
South-East Asia 164 43 0 6
Oceania 10 0 0 0
Global total 1,351 495 75 39

Source: Fernandes et al. (2007)
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air pollution. In poorly ventilated dwellings, indoor smoke can exceed acceptable
levels for small particles in outdoor air by 100-fold. Exposure is particularly high
amongst women and children, who spend the most time near the domestic hearth.
Every year, indoor air pollution in Sub-Saharan Africa is responsible for the death
of an estimated 350,000 children due to lower respiratory infections and 34,000
adult women due to chronic obstructive pulmonary disease (Bailis et al. 2005).

Improving the quality of energy supply in Africa is central to sustainable devel-
opment and poverty reduction efforts. At this moment, some 583 million people, or
76% of the population, in Sub-Saharan Africa depend solely upon traditional bioen-
ergy (IEA 2002). The contribution of traditional bioenergy to the energy supply is
projected to decrease during the coming decades. But the total number of people in
Africa that will rely on traditional biomass for cooking and heating is expected to
increase from 583 million in 2002 to 823 million (IEA 2002). Access to modern
energy sources, such as natural gas and electricity, allows people to generate income
and improve their living conditions. So even modest improvements in the efficiency
of traditional energy systems and in access to modern energy services can have a
positive impact on the livelihoods of people.

In this section the possibilities, constraints and impacts of improving traditional
bioenergy systems are discussed as a way to increase the efficiency of the use of
scarce resources, to combat energy poverty and to contribute to rural development.

1.2 Conventional Traditional Bioenergy Systems

1.2.1 Firewood and Charcoal

The percentage of the population in rural areas relying on firewood as the primary
source of energy is above 85% in most countries in Sub-Saharan Africa (UNDP
2009). The contribution of firewood to the energy supply is relatively constant in
time, due to the low costs and the lack of available alternatives. In urban regions
charcoal is the main source of energy. In many respects, charcoal is more suitable
for household use compared to firewood. Charcoal emits fewer pollutants, it has
higher energy content, and it is lighter and therefore easier to transport. Because of
its advantages over firewood, there have been a number of efforts to promote its use
in household cooking. The use of charcoal in Africa is projected to increase by more
than 50% between 2010 and 2030 (IEA 2002), as a result of rapid urbanization and
population growth.

The traditional three-stone stove is widely used in Sub-Saharan Africa (Fig. 1.1).
An important disadvantage of this type of stove is the relative low efficiency of
about 14% (Table 1.3). Charcoal is typically used in traditional metal stoves
(Fig. 1.1), which have slightly higher end-use efficiencies of 15-18% (Malimbwi
and Zahabu 2007). Nevertheless, due to the loss of energy during charcoal produc-
tion about five times the amount of wood is needed when cooking on charcoal as
compared to firewood when assuming a charcoal kiln efficiency of 15% (Table 1.3).
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Fig. 1.1 A traditional three stone stove (leff) and a charcoal stove (right) (Source: Ballard-Treemer)

1.2.2 Impacts of Conventional Traditional Bioenergy Systems

The use of traditional bioenergy systems has several serious negative socio-economic
and environmental impacts. Traditional bioenergy systems lead to high greenhouse
gas emissions. Because of the incomplete combustion of wood-fuels, 10-20% of the
carbon released is in the form of methane (CH,), nitrous oxide (N,O), carbon mon-
oxide (CO) and non-methane hydrocarbons (NMHC). These compounds are referred
to as products of incomplete combustion (PIC) and have much higher global warm-
ing potential than carbon dioxide (Smith et al. 2000). The combined impact of the
five emissions is called the Global Warming Commitment (GWC) (see Table 1.2).
This table also shows that the GWC of traditional bioenergy applications depend
heavily on the source of the biomass. With renewable harvesting of biomass, carbon
dioxide (CO,) missions are completely recycled and thus there is no net increase in
GWC from CO,. For PICs, renewable harvesting only affects the GWC by eliminating
the portion of the global warming potential of each gas owing to its eventual
conversion to CO, in the atmosphere. In non renewable harvesting, however, all the
carbon in biomass is a net addition to the atmosphere, as for fossil fuels. Further,
Table 1.2 shows that traditional systems have very high emissions, compared to
improved traditional systems, but also that improved traditional systems using
biomass from renewable sources have emissions that are much lower than modern
energy carriers.
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Table 'lt.z ?I(Obal warfming Fuel Renewable Non-renewable
commitment (grams o -
carbon as C07gper M]J of Biogas 148 148
delivered energy) of various LPG 139 139
cooking fuels Kerosene wick stove 154 154
Kerosene press stove 173 173
Improved metal stove 576 171
Improved vented ceramic 472 150
Three stone 740 206

Source: Smith et al. (2000)

The inefficient and incomplete combustion of wood-fuels in traditional bioenergy
systems releases a number of hazardous pollutants, including carbon monoxide
(CO), sulphur and nitrogen oxides (NO_, SO ) and particulate matter (PM). Poor
ventilation exacerbates the indoor air pollution and leads to acute respiratory infec-
tions (ARI), as well as causing chronic bronchitis, emphysema, and chronic obstructive
pulmonary disease. Several studies have also linked childhood exposure to the
smoke with asthma, though others have concluded that there is no interrelation.

The collection of firewood is a labour intensive and dangerous process and the
burden often falls in rural areas in Sub-Saharan Africa upon women and, to a lesser
extent, young girls. Women gather firewood by foot, often walking long distances
with an average load of 20 kg (IEA 2006). A survey of 30 households near Lake
Malawi found a mean distance to a viable firewood source of 2.1 km, resulting in a
mean trip length of 241 min and mean time spent collecting wood per day of 63 min
(Biran et al. 2004). Also the production of charcoal is a labour intensive process,
although production is often commercialized. Because of the low efficiencies, large
quantities of wood are needed. In Nairobi, for example, a household that relies
exclusively upon charcoal consumes 240-600 kg of charcoal per year, which equals
1.5-3.5 tons of biomass (Kammen 2006). As a result, the production and trade of
charcoal is an important economic activity, which provides income, tax revenue and
employment especially in rural areas. Charcoal production creates employment of
200-350 person-days per TJ energy, compared to 100-170 for firewood (where
commercially supplied), 80—110 for coal, 10-20 for LPG and 10 for kerosene, based
on figures from South-East Asia (RWEDP 1997).

Further, the collection and use of biomass for traditional bioenergy systems can
in some cases contribute to the overexploitation and degradation of ecosystems.
Examples are forest degradation or deforestation, deterioration of watersheds, and
loss of soil fertility and biodiversity. Although traditional biomass use is not a major
driver of deforestation, population pressures and the impacts of urbanization have
resulted in increased pressure on forest health and ecosystems. The wood-fuel crisis
that was widely discussed in the 1970s and 1980s gave way to a recognition that the
impacts of traditional biomass use have been and can be addressed through a variety
of institutional changes and policy reforms (Leach and Mearns 1988). Another con-
cern that has arisen is the impact on GHG emissions due to the decrease in above
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ground biomass and soil degradation that results from unsustainable use of traditional
wood-fuels. Addressing such concerns require more analysis on the GHG balances
associated with traditional biomass use.

Another climate-related concern associated with traditional biomass use that has
become better understood in recent years is the climate impact of black carbon
(soot). Black carbon is a product of incomplete combustion and can have significant
impacts on both regional and global climatic processes, and thus contributing to
climate change (Ramanathan and Carmichael 2008). It can be difficult to separately
calculate the impacts from combustion of biomass as compared to combustion of
fossil fuels or to differentiate amongst the diverse types of biomass burning
(Gustafsson et al. 2009). Nevertheless, a consensus has emerged that black carbon
is a major contributor to climate change and that biomass burning in households is
a significant source of black carbon (Bond et al. 2004).

1.3 Improved Traditional Bioenergy Systems

Existing traditional bioenergy systems can be improved by using more efficient
stoves and charcoal kilns and by switching to other fuels. Table 1.3 gives an over-
view of the performance of conventional and improved traditional cooking stoves.
Key drivers for improved stove design are combustion efficiency, heat transfer
efficiency, safety, costs, durability and local cooking practice. A wide variety of
improved fuel-wood cooking stoves have been designed during the past decades;
from relative inefficient (23%) stoves that are constructed from clay and grass at
very low costs, but having a short lifespan, to more efficient (29%) stoves made
from bricks or metal, having a long lifespan, but considerable investment cost.
Furthermore, some types of improved stoves are portable, which is important
because the traditional three-stone cooking stove can be easily replaced. Improved
stoves are currently in use in many countries, but penetration has generally been
small in terms of the percentage of households. This applies especially for the more
advanced stoves that have been designed during the past few years. Examples of
such stoves are the First Energy Oorja Stove, Envirofit and StoveTEC stoves. Some
countries aimed at training the users to build their own stoves. Although this has in

Table 1.3 Costs, efficiencies and lifetimes of various cooking stoves and the related cost of
energy, in terms of utilized heat

Energy carrier Stove type  Efficiency (%) Cost (US$) Life-time Cost of heat (US$/GJ,)

Wood Three stone 14 Free - 14

Wood Mud 23 1.4 2 month 9

Wood Brick 29 332 5 years 7

Charcoal Traditional 17 1.7 3 years 35 legal 21 illegal
Charcoal Improved 45 8.0 3 years 13 legal 8 illegal
Kerosene Kerosene 38 12.5 3 years 95

Sources: Wiskerke et al. (2008), Ballard-Tremeer and Jawurek (1996)
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some cases resulted in localized economic and social benefits, this approach will
not reach the existing millions of biomass stove users in Sub-Saharan Africa in the
near-term.

The use of improved charcoal kilns is also an approach to greatly increase the
overall system efficiency for the delivered energy services. Traditional earth and
earth mound kilns have an efficiency of 10-20%, depending on the skills of the
charcoal producer and on the tree species. A skilled charcoal producer who uses
well-dried wood can reach efficiencies of up to 30% (Wiskerke et al. 2008).
Improved charcoal kilns can increase the efficiency of charcoal production to
45%, as well as enhancing the quality characteristics of charcoal. Whilst most of the
low-cost improved charcoal kilns have demonstrated high efficiencies under test
conditions, none of the developed designs have attained substantive dissemination,
largely because of the surprisingly high efficiency of traditional kilns under field
conditions. A large proportion of charcoal production in Africa is carried out as a
semi-illegal part-time activity since the wood used is often illegally procured.
Consequently, few charcoal makers are willing to construct in-situ kilns since they
would be vulnerable to punitive official measures such as imposition of tax and
seizure. Consequently, dissemination of improved charcoal techniques to the infor-
mal sector has proven to be a difficult undertaking. Improved charcoal production
technologies have been more successful in areas where production is undertaken on
a commercialized basis as in the case of Malawi. Another focus area is the transpor-
tation of charcoal. Due to the fragility of charcoal, excessive handling and transporting
over long distances can increase the amount of fines (i.e. charcoal dust that cannot
be used or sold without further processing) to about 40% and thus greatly reducing
the value of the charcoal. Distribution in bags can help to limit the amount of fines
produced in addition to providing a convenient measurable quantity for both retail
and bulk sales.

There are also a number of alternatives to improve the efficient production of
biomass feedstock. The production of fuel-wood from dedicated woody energy
crops can reduce the demand for wood from natural resources and related overex-
ploitation. Use of degraded or low productivity areas to grow woody energy crops
can take advantage of lower land costs and offer the potential to increase the soil
quality as a bonus to the resulting energy production. Integrated agro-forestry and
multi-purpose systems are especially promising. Wiskerke et al. (2010) analyzed
and compared the costs and benefits of three biomass energy supply systems for
rural households in north Tanzania, namely (1) a small-scale forestation project for
carbon sequestration under the Clean Development Mechanism (CDM) of the Kyoto
Protocol, (2) a short rotation woodlot for the production of fuel-wood or charcoal,
optionally with intercropping, and (3) a jatropha plantation that generates oil used
as cooking fuel, as a diesel substitute for off-grid household electrification, or for
soap production. The results show that rotational woodlots are the most economi-
cally attractive option, especially when producing poles from stem wood and
charcoal from branches, whilst practising intercropping of maize.

It can be concluded that there is a huge potential to increase the efficiency of
existing traditional bioenergy systems by tens of percentage points in Africa.



10 E. Smeets et al.

The use of such improved technologies can also reduce indoor air pollution and
contribute to reducing the costs and labour associated with wood-fuel systems.
Especially women and children are expected to benefit from such a transition,
because women are typically responsible for the collection of fuel-wood and women
and children are exposed to indoor air pollution. The lessons learnt and trends point
towards considerable markets for improved biomass-burning products and fuels.

1.4 Fuel Switching

Several projections indicate that traditional bioenergy systems will slowly be
replaced by modern fuels as households become wealthier, following the ‘energy
ladder’ (Fig. 1.2). The theory suggests that when the income of households increases,
they ascend the ladder from low quality fuels to more convenient, cleaner and modern
fuels. In the first stage, households depend solely upon solid biomass, deriving
energy from the combustion of residues, waste and firewood. In the intermediate
stage, households shift to fuels that burn more efficiently, but still result in significant
emissions, such as charcoal and kerosene. In the most advanced stage, households
move to the most convenient and cleanest commercial fuels, usually liquefied
petroleum gas (LPG) and electricity. Aside from their low greenhouse gas impact,
some of these fossil fuels have several other advantages over wood-fuels, such as a
higher energy density and higher combustion efficiency. Further, both LPG and
kerosene produce less greenhouse gas emissions per unit of useful energy than
wood-fuel. But, if the wood-fuels are produced from renewable sources, the carbon
emissions of LPG and kerosene would be of comparable magnitude.

Recently, there has been an increasing attention on liquid and gaseous biofuels
for cooking, such as biogas, ethanol and ethanol-gelfuels. Several countries in
Africa are currently producing ethanol from sugarcane at significant scales, including
Malawi, Zimbabwe, Ethiopia, and Kenya. Other potentially suitable crops are cassava,

—
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sweet sorghum, maize, and wheat. Ethanol can be burned directly in specialized
stoves, though further conversion to gelfuel is a simple process that offers notable
advantages. Gelfuel has a much higher viscosity than ethanol, making it easier to
handle and a safe alternative, however, gelfuel has also several disadvantages.
Biogas and ethanol offer the greatest potential for the reduction in GHG emissions,
as both can be burned close to completion and produced sustainably. Assuming
sustainable production, carbon output due to the use of biogas in household cooking
would be on the order of 100 times less than for unsustainable wood-fuels (Smith
et al. 2000). This is because the k-factor (factor showing how incomplete the
combustion is) is so low that almost all of the carbon is released as carbon dioxide,
emissions that are offset by carbon uptake due to the sustainable production of fuel.

A disadvantage of the fuel ladder theory is that it implies perfect substitution of
one fuel for another and that income is the decisive factor. However, recent studies
suggest that there are many factors besides income that are important in determining
the fuel choice. Social, economic, and technological barriers prevent the linear pro-
gression towards clean cooking fuels put forth by the energy ladder. More specifi-
cally factors such as fuel availability, affordability, cultural norms, and cooking
practice impact fuel/stove adoption and continued use (IEA 2002; Pachauri and
Spreng 2003; Masera et al. 2000). During the past years the ‘fuel-stacking’ model
has gained ground. This model suggests that households integrate modern fuels
slowly into existing energy use patterns, resulting in the use of multiple cooking
fuels simultaneously (Masera et al. 2000). The fuel-stacking model is an important
aspect to consider when designing and implementing policies to increase the use of
improved traditional energy systems.

1.5 Conclusions

The overwhelming majority of biomass used for energy in Sub-Saharan Africa
consists of fuel-wood and charcoal that is burned in low-efficiency stoves for
cooking, resulting in significant socio-economic, health, and environmental impacts.
A number of alternatives exist to provide higher quality energy services at lower
lifecycle costs and with significant reductions of negative impacts. The challenge is
to find ways to make these more efficient options more affordable and widely
available, but also to ensure that they are suitable for the usage patterns in different
regions and localities.
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Chapter 2
Biomass Potential in Arid and Semi-Arid
Regions in Botswana

Mogodisheng B.M. Sekhwela and Donald L. Kgathi

Abstract The development of new biomass energy technologies to reduce greenhouse
gas emissions and mitigate climate change is opening new opportunities in Botswana.
Cleaner technologies have increasingly led to the transformation of biomass into
various bioenergy carriers for the use in modern energy systems that have lower
GHG emissions. Whilst the use of biomass for energy purposes in rangelands has
been as problematic as overgrazing, an increasing trend towards bush encroachment
is observed in the dry-lands of southern Africa as a result of climate change. This
chapter explores the potential of bioenergy development on arid lands in Botswana
based on species associated with bush encroachment, invading species, and other
potential energy sources such as oil plants. Bush encroachment and invasive species
could be assessed for sustainable production of wood pellets either under manage-
ment systems of the naturally occurring resources or by established plantations.
Naturally occurring oil plants in Botswana such as Ximenia sp. are identified as
potential sources for bioenergy production. Further research on the possibilities of
using this plant species for bioenergy production is recommended.
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2.1 Introduction

The development of new biomass energy technologies to reduce greenhouse gas
emissions and to mitigate climate change is opening new opportunities in
Botswana. The consequences of the changing climate and its associated hazardous
and extreme weather conditions have increased commitment to the development
of less polluting energy sources. As predicted by Hall et al. (1993), communities
are now seeking to exploit the high potential of biomass energy. Cleaner technolo-
gies have increasingly led to the transformation of biomass into various bioenergy
carriers for the use in modern energy systems that have lower greenhouse gas
(GHG) emissions. As an encompassing term, bioenergy includes traditional biomass
energy, energy of the poor in developing countries, and higher value and more
efficient biomass-based energy carriers such as electricity, biogas and bioethanol
(Kartha et al. 2005). Bioenergy is associated with environmental and ecological
impacts that positively or adversely affect environmental sustainability (Sekhwela
1997). Therefore, the sustainability of bioenergy has become increasingly important
globally in recent years and forms the basis for assessing the potential for the
development of future energy production systems (Fehrenbach et al. 2008).
Sustainability criteria are already developed for biofuels, particularly in the European
Union (Schlegel and Kaphengst 2007), and several certification systems have
already been introduced for instance for forestry products (e.g. Forestry Stewardship
Council — FSC).

With respect to sustainability the main issues of concern addresses greenhouse
gas balances, biodiversity, environment, food security, welfare of the community,
and wellbeing of workers and of the local population (Fehrenbach et al. 2008; Royal
Society 2008; Smeets 2008; Rutz et al. 2010). In order to ensure that biofuels are
produced in a sustainable way, a number of countries are now introducing sustain-
ability certification systems, whereby the buyers of biofuels ensure that their pro-
duction complies with certain standards or sustainability criteria (Smeets 2008).
Potential markets for bioenergy products and services are developing within these
frameworks defined by certification processes based on sustainability criteria.
Collectively, the frameworks provide critical guidance as well as a basis for evaluat-
ing new initiatives in the development of bioenergy systems.

The sustainability criteria are based on the experience of unsustainable bioenergy
production and supply, including that of some imported products and services. An
example is the palm oil imported into the European Union from Asia, where its
production may have caused deforestation and loss of biodiversity (Wicke et al.
2008). Hence, there is an increasing pressure for the development and adoption of
sustainability criteria in countries that produce bioenergy as the EU considers the
import of bioenergy products and services to be part of the options for meeting its
GHGs reduction targets (de Pous 2008).

Sub-Saharan Africa is considered a high potential region for the production of
bioenergy products for export to EU markets under these globally evolving sustain-
ability criteria (Bekunda et al. 2008). This could create opportunities for a number
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of countries in the region, including Botswana which has started looking at the
potential for bioenergy production as an alternative for substituting fossil fuels
(Kedikilwe 2008).

This chapter explores the potential of bioenergy production on arid lands in
Botswana, based on woody biomass from bush encroachment and invading species
as well as from other potential energy sources such as oil plants. The specific objec-
tives of this chapter are (1) to describe the potential for sustainable production and
supply of bioenergy products and (2) to highlight opportunities and challenges that
exist and could enable better decisions on bioenergy pathway choices.

2.1.1 Analytical Framework for Woody Biomass Sustainability

The predominant form of bioenergy in developing countries is traditional biomass
energy. Its harvesting has been associated with deforestation and land degradation,
particularly around major villages and urban centres in Africa (Krutilla 1995). In addi-
tion, increased removal of the preferred species and the overgrazing of rangelands
have subsequently led to bush encroachment, which is associated with impenetrable
thickets that have no immediate economic value (Skarpe 1990 and 1991). Whilst
this bush encroachment process has been largely attributed to overgrazing by live-
stock, there is also increasing evidence that the woody vegetation component in the
dry-lands of southern Africa is likely to increase as a result of climate change (Bond
and Midgley 2000). There are also problems associated with invading woody species
that are now expanding uncontrollably in Botswana and South Africa such as
Prosopis sp. (Zimmerman and Pasiecznik 2005). However, in South Africa the eco-
nomic value of these species is being derived by using the wood for timber and the
fruits as fodder. Additional benefits may include the use for bioenergy systems
(Zimmerman and Pasiecznik 2005). Hence, there is a potential economic value
associated with the increasing woody biomass in the dry-lands of Botswana which
can sustain rural livelihoods, currently adversely affected by the changing vegeta-
tion resources. Examples of these invading woody plant species include many of the
Acacia species and Dichrostachys cinerea, particularly in overgrazed areas, and
Prosopis sp. that is taking over the Kalahari sand areas, outcompeting indigenous
species along water courses and lowering the water tables in Botswana. However,
some of the invading species like Acacia mellifera and Dichrostachys cinerea were
found to have high economic value as fuel-wood and construction wood, particu-
larly when they have reached the shrub and tree stages (Sekhwela et al. 2007).
Whilst studies on land degradation mainly focused on the risks of increasing
woody vegetation, few studies have looked at the opportunities, especially in dry-
lands such as those of Botswana and other southern African countries. The economic
potential has already been identified by some communities, but it can be increased
by the use in bioenergy systems. This will further mitigate climate change and could
contribute to the attainment of the millennium development goals (MDGs). Thus,
bush encroachment may lead to increased incomes that improve the economic status
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of the poor. Further potential of such resources could emerge beyond the energy
dimensions to include other wood products and reduce pressure on the harvest of
natural forest resources and destruction of wildlife habitat and biodiversity.

2.1.2 Study Area and Sources of Data

The study area, Botswana, is a semi-arid country with an annual rainfall ranging
from a minimum of 250 mm in the south to a maximum of 650 mm in the north.
Botswana is a middle income country with a gross national income per capita of
US$ 5,840 (for 2007) (World Bank 2008). Although fuel-wood is the main source
of energy in rural areas, modern energy sources are also used. Electricity and petro-
leum based products are the main sources of energy in urban areas. The 2005 energy
balance of Botswana shows that the contribution of modern renewable energy to
final energy supply is insignificant. Petroleum was the most important source of
energy (34%), followed by coal (29%), traditional biomass energy (27.5%) and
electricity (8.8%) (Mabowe 2009). Botswana has large resources of coal, estimated
at 212 billion tons. There are currently no known petroleum reserves and Botswana
is therefore a net importer of petroleum products (Mabowe 20009).

Data for this chapter were synthesised from secondary sources including studies
of bush encroachment and woody biomass carried out in Botswana and in the region.
Biomass production potential was estimated from ongoing long-term studies in
Botswana and in the region, whenever it was possible. Export potential was assessed
on the basis of existing international trade on woody products. Information on oil
plants was derived mainly from secondary sources, and where data on plant occur-
rence and population distribution was available, potential supply areas have been
highlighted in maps.

2.2 Results and Discussions

The plant species identified for potential bioenergy production have been categor-
ised into woody biomass resources (mainly composed of the highlighted invader
species) and oil plants.

2.2.1 Woody Biomass Resources

Woody plant species that could be harvested for bioenergy processing are found all
over Botswana. Some of the species occur in the whole country from the sandy
Kalahari soils to the loamy and relatively fertile soils along the eastern part of the
country (Fig. 2.1). Such species also span the different rainfall regimes indicating
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Fig. 2.1 Map of sites with different woody plant species identified as potential bioenergy species
in Botswana

high adaptation potential. The quantitative data derived from various studies show
variable plant densities with higher figures in some areas reflecting formation of
impenetrable thickets of some species such as A. mellifera (Table 2.1) (Skarpe 1991;
Sekhwela 2003; Ringrose et al. 2003). This particular species occurs all over the
country due to overgrazing. It is invasive and forms close canopies. However, it
grows to medium tree layer. It is thus a suitable source of fuel-wood and construc-
tion poles (Sekhwela 2003). A similar pattern of invasiveness and dominance in
overgrazed areas is also exhibited by D. cinerea, a species with a high fodder value
(fruits) (Moleele 1998). It is also used as fuel-wood and construction poles for fencing
of arable fields as observed in the Kweneng District in Botswana. Farmers men-
tioned that the poles produced from this species are termite resistant (Fig. 2.2).
The potential of these invasive species could be relatively high as they regenerate
easily and are often multiple stemmed, allowing for selective harvesting of pre-
ferred stem sizes (Table 2.2). The measured production rates were found to be com-
paratively high, given the generally low rates of slow growing trees in the arid and
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Table 2.1 Examples of woody bush encroachment species as potential bioenergy source in
Botswana

Species Location Plant densities (no/ha) Source

A. mellifera Tsabong 98 Sekhwela (2003)

A. mellifera Khokhotsha 33 Sekhwela (2003)

A. mellifera Inalegolo 91 Sekhwela (2003)

A. mellifera Chobokwane 181 Sekhwela (2003)

A. mellifera Grootlaagte 10 Sekhwela (2003)

A. mellifera Xhana (Maun) 129 Sekhwela (2003)

A. mellifera Maun (Other location) 74 Ringrose et al. (2003)*
A. mellifera Okwa Valley 3,556 Ringrose et al. (2003)
A. mellifera Tshane 2,383 Ringrose et al. (2003)
A. mellifera Ncojane 3,765 Skarpe (1991)

D. cinerea Khokhotsha 7 Sekhwela (2003)

D. cinerea Inalegolo 13 Sekhwela (2003)

D. cinerea Chobokwane 135 Sekhwela (2003)

D. cinerea Grootlaagte 39 Sekhwela (2003)

D. cinerea Xhana (Maun) 515 Sekhwela (2003)

D. cinerea Maun (Other location) 2,839 Ringrose et al. (2003)
D. cinerea Okwa Valley 3,185 Ringrose et al. (2003)
D. cinerea Tshane 259 Ringrose et al. (2003)
G. bicolour Inalegolo 142 Sekhwela (2003)

G. bicolour Grootlaagte 94 Sekhwela (2003)

G. bicolour Xhana (Maun) 105 Sekhwela (2003)

G. bicolour Maun (Other location) 1,876 Ringrose et al. (2003)
G. flava Maun (Other location) 5,629 Ringrose et al. (2003)
G. flava Okwa Valley 20,629 Ringrose et al. (2003)
G. flava Tshane 9,667 Ringrose et al. (2003)

“Plant densities were obtained by expressing the total plant counts for each species in belt transects
of 3mby 90 m

semi-arid regions (Tietema 1993; Sekhwela 2000). The vigour exhibited during
invasion and coppice regeneration, particularly of Grewia bicolor which is common
in the sandy Kalahari (Maun, Okwa Valley and Tshane), and as measured in the
Tsabong area (southern Kalahari) (Table 2.1 and Fig. 2.1), showed significant annual
production (Sekhwela 2000, unpublished data). Other species like Colophospermum
mopane, which is also a vigorous secondary coloniser and coppicer, also form
exclusive stands and have high production rates that cause small farmers to cut back
and burn the regrowth yearly in fields before ploughing, also called ‘slash-and-burn’
practice (Table 2.3). Similarly, the massive root system and multiple stem nature of
G. bicolor cause strong re-growth after cutting, showing high potential for continu-
ous production with selected stem harvest in a given growth cycle (Sekhwela 2000,
unpublished data). Whilst it is cherished for its sweet berries that are harvested and
sold at local markets, it was also found highly popular for the production of court-
yards in the Kalahari. Hardly any record was made of dead Grewia plants in the
woodland assessments (Sekhwela 2003).
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Fig. 2.2 Poles of D. Cinerea used in arable fields fencing in the Kweneng District, Botswana

Table 2.2 Regeneration through coppice of potential bioenergy woody plant invaders in

Botswana

Species Annual coppice Source

Acacia mellifera Vigorous Sekhwela (2000)

Dichrostachys cinerea Vigorous Sekhwela (2000) (unpublished data)
Grewia bicolor Vigorous Sekhwela (2000) (unpublished data)
Colophospermum mopane Vigorous Mushove and Makoni (1993)
Acacia tortilis Vigorous Tietema (1993)

Table 2.3 Indicative biomass production rates of potential bioenergy woody plant species in their
natural growth environment (fresh weight)

Standing stock Annual production

Species (t/ha per year) (t/ha per year) Source

Acacia mellifera 5-8 0.7 Sekhwela (2000)

Dichrostachys cinerea 0.5% - Sekhwela (2000) (unpublished
data)

Grewia bicolor 0.2¢ - Sekhwela (2000) (unpublished
data)

Colophospermum mopane 117 10.7 Tietema (1993)

Acacia tortilis 24 1.8 Tietema (1993)

“Encroaching plants still bushed at the time of measurements in Maun (D. cinerea) and Tsabong

(G. Bicolor)
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Whilst these species are considered here for potential bioenergy resources, their
current importance underlines their multiple use and potential for diversifying
the economic opportunities of rural communities. The fodder value of the fruits of
the vigorous invader D. cinerea, is considered high in Zimbabwe, whilst cattle were
observed to ingest its fruits in a monitoring study in Botswana (Abbot 1993; Moleele
1998). Similarly, Sekhwela (2003) recorded a heavy reliance on A. mellifera flowers
and sprouting twigs by goats in the Kalahari during the dry season that saves livestock
during the period of high food stress. The fruits of A. tortilis that have in the past
been ingested by livestock in the rangelands are nowadays collected by rural
inhabitants for sale to livestock farmers. This creates a conflict with livestock owners of
cattle which ingest the fruits of this tree species in the area (Dube and Sekhwela 2008).
The foregoing results highlight the interactive nature of the use of natural resources
in rural economies for energy and other purposes as both A. mellifera and D. cinerea
are valuable for the production of fuel-wood and construction poles. However, the
oversupply of these tree species, due to their invasiveness and vigorous growth,
makes them a nuisance, hence they have the potential to be used for the development
of modern energy systems.

The harvested bushes/wood could also be chipped and packaged for export as
feedstock for biomass energy conversion systems (Heinimo and Junginger 2009).
The harvesting and packaging would create employment for the local communities
together with resource management systems to be put in place for sustainable
supply. This would provide income for the poor whose livelihoods are currently
compromised by these invading species. The harvesting of these resources would
increase carbon sequestration with new replacement growth of the regeneration
processes, or restoration of grasslands for normal economic activities. Opportunities
for producing other forms of bioenergy such as liquid biofuels could be explored,
given the large variety of ‘nutty’ plant species that are found in the dry-lands such
as Sclerocarya birrea, Ximenia sp. and other plant species that store energy in the
form of oils (Taylor 2000; Bekunda et al. 2008). These species are within the reach
of the rural communities and can contribute to economic development by providing
adaption strategies to potential impacts of climate change in Botswana (Dube and
Sekhwela 2008).

2.2.2 Oil Plant Resources

There are generally few studies that have explored the oil potential of plants found
in Botswana (Table 2.4). Such studies have generally been left to the cosmetic
industry until recently with increasing desire to find alternative liquid fuel resources.
The existing information is largely anecdotal for the few species that are now being
exploited for cosmetics and food, such as Sclerocarya birrea and Ximenia sp., for
which production assessments have been carried out (Phytotrade 2007). For instance,
the oil content of Ximenia sp. was found to be 70% of the kernel weight, with the
quality close to that of olives (Phytotrade 2008). The oil content is even higher than
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Table 2.4 Oil plant species found in Botswana (Source: Taylor 2000)

Species Oil source Uses of other plant parts

Cleome gynandra Seeds Leaves and flowers edible

Croton megalobotrys Seeds Bark and seeds medicinal

Croton menyharttii Leaves Fruit edible

Xeminia species Seeds Fruit edible, bark and leaves medicinal
Sclerocarya birrea Seeds Fruit edible

Pluchea leubnitziae Whole plant Essential oils

Ricinus commins Seeds -

Pappea capensis Seeds Fruits edible, seeds and leaves medicinal

that of Jatropha curcas, an energy crop with 40% oil content (Azam et al. 2005).
However, the short acid chains of Ximenia oil lead to gumming in the engine com-
bustion chambers (Azam et al. 2005). Due to its high oil content, Ximenia sp. shows
good potential as energy plant, but there is need for more research on the possibilities
of commercial production as well as on oil extraction and processing for energy
products and services.

Whilst Sclerocarya birrea has a larger fruit than Ximenia sp., it has a lower oil
component relative to the size of the fruit. However, the fruit of S. birrea has been
largely valued for its flesh which is used as food and also for drinks and liquors.
Whilst the same can be said about Ximenia sp., only the flesh that is high in vitamin
C has been traditionally used as food, and the kernel is usually thrown away. There
is hardly any information on the oil potential of other species in Botswana (Table 2.4)
and in many other southern African countries (Bekunda et al. 2008).

As indicated in Table 2.4, many of the species have other economic uses that
raise their potential for diversifying rural economies. In particular, Ximenia sp.,
which is a good browse species that coppices well and that has a fast growth rate.
Therefore it could be valuable for small farmers (Abbot 1993). Sclerocraya birrea
which is valued for its wood is a vigorous and fast coppicing plant. All the above-
mentioned plants occur naturally. They are beneficial to humans, livestock and wild
animals. Their use for various applications has been identified. The potential impacts
of these species for bioenergy development at a larger scale than the current use are
not yet known. It is however notable that the current uses of these species by rural
communities have been in existence for millennia being sustainable in terms of
resource availability, biodiversity and related ecosystem services.

2.2.3 Trade in Bioenergy Products and Services

According to Heinimo and Junginger (2009), the development of international trade
in biomass for energy purposes is still in its early stages, but grows rapidly as influ-
enced by international climate agreements. Sub-Saharan Africa is considered to
become one of the important producers in the long-term, whilst the main demand
will be in the OECD countries and South-East Asia. Heinimo and Junginger (2009)
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indicate that wood pellets will be a successfully traded commodity due to their low
moisture content, high calorific value, stability over time and easy handling which
allows for long distance transportation. Pellets would therefore be the most favoured
option for using invading woody plant species growing in remote areas with poor
infrastructure. Conversion of this resource into tradable pellets could contribute to
the creation of small-scale rural industrial enterprises and a diversification of income
generating activities for the rural poor.

2.2.4 Sustainability Potential

Available information on both woody and oil plant resources indicates a high
potential for meeting sustainability criteria, particularly from production systems
that could ‘mimic’ natural ecosystems. The invasive species are mostly secondary
colonisers that exhibit the behaviour due to the imbalances created by improper land
use systems that result in overgrazing and consequent land degradation. Where
these species are managed properly, the production can be sustainable and provide
ecosystem services as part of the natural habitat of the areas. The vigorous growth
exhibited by some of the species shows their ability to grow in semi-arid and arid
conditions that are predicted to further degrade due to climate change (Hulme 1996).
The adaptation would increase the potential to meet the water use and preservation
criteria, whilst the natural occurrence of the species will positively influence its bio-
diversity contribution. For instance, Ximenia sp. was found to be valuable as a habitat
for the pupal stage of the Imbrasia belina moth of which the host is Colophospermum
mopane in north-eastern Botswana (Sekhwela et al. 2007).

There is generally no reliable long-term data and information to determine the
sustainability of potential production systems of oil feedstock on a commercial
basis. The processing of oil from these indigenous plant species is also not ade-
quately known. Hence, Bekunda et al. (2008) noted with concern that despite the
fact that the potential of oil plants in South Africa, has long been identified, hardly
any research has been carried out. It also became apparent that even the exotic
plants such as Jatropha curcas have not been sufficiently studied for their suitability
for growing in the arid and semi-arid conditions such as those found in southern
Africa (Bekunda et al. 2008). Nevertheless, some countries such as Namibia have
embarked on production of bioenergy based on Jatropha curcas without further
research (Namibian Agronomy Board 2007). Whilst Botswana has also identified
the same species as potentially suitable for production, it has embarked on studies
to determine the suitability and sustainability of production systems (Botswana
Government 2009a). Botswana has also recently completed a study on the develop-
ment of a biomass energy strategy which is supposed to create a sound development
of bioenergy resources in the country (Botswana Government 2009b). It is impor-
tant that local species are included in such studies. For instance, anecdotal informa-
tion shows that the softly coated seed of C. mopane contains oil, highlighting again
the potential multiple benefits from indigenous species.
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In reviewing the current approach to the development of alternative fuels, the Earth
System Science Partnership (ESSP) noted that it is not yet clear how the identified
bioenergy production systems are positively contributing to sustainable climate
change mitigation (Klepper et al. 2008). It was also realised that invariably bioenergy
systems are dependent on ecosystems and vulnerable to climate change, like food
production systems. ESSP also noted that whilst the production of bioenergy crops
has recently been linked to food shortages, the issue of land availability for bioenergy
production has not been settled and there is need for further research. Klepper et al.
(2008) also noted that it is not yet clearly known how much biofuels can contribute
to mitigate climate change, and how sustainability standards for bioenergy systems
should be defined.

2.2.5 Implications for Bioenergy Policy

As highlighted in the introduction, the existing sustainability criteria are guiding
principles for new energy initiatives that have to be in line with the global driver to
reduce GHG emissions and mitigate climate change. The criteria also include
aspects on the protection and enhancement of environment and ecosystem services,
whilst maintaining socio-economic development that has both local and off-site
benefits. Therefore, the current draft on bioenergy policies in Botswana can benefit
from the sustainability criteria. The approach adopted by the Government of
Botswana to undertake studies to determine the suitability and potential of various
bioenergy production systems and crops is a step in the right direction. Research
also includes indigenous plants that have potential for bioenergy production and
other applications for food, fodder and medicine in Botswana and other southern
African countries. As already suggested, indigenous species have the advantage of
serving multiple uses and forming part of the existing natural ecosystem services
that include habitat for fauna.

2.3 Conclusions

The introduction of sustainability criteria could provide a robust framework to guide
the development of suitable and sustainable bioenergy systems in Botswana. As
bioenergy production systems rely on plant-based feedstock, locally available
energy resources can provide opportunities for diversifying rural economies.

The identified woody plant species that have low economic value due to their
overproduction relative to local use can be used for the production of modern energy
systems locally or off-site. The production of wood chips or pellets could be a suit-
able option for biomass trade. Similarly, oil plants are largely unexplored for biofuel
purposes, and currently little information is available and often limited to trees that
serve cosmetic industries. The utilisation of invading woody species for bioenergy
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production is likely to contribute to the mitigation of climate change and to enhance
the attainment of the MDGs. Therefore, further research is recommended, particu-
larly on production systems to use plants for the production of bioenergy. Specifically,
research is urgently needed on the following topics:

* Potential for sustainable reduction of invasive species and their use for bioenergy
feedstock and markets

* TImpact of invasiveness on biodiversity and harvesting for bioenergy purposes

* Potential for plantations of invasive species and oil plants

e Determination of suitable processing technologies for both woody and oil con-
taining resources

References

Abbot PG (1993) Research and development of simple silvicultural systems for community
management of Miombo in Malawi. In: Piearce GD, Gumbo DJ (eds) The ecology and
management of indigenous forests in southern Africa. The Forestry Commission, Harare

Azam MM, Warris A, Nahar NM (2005) Prospects and potential of fatty acid methyl esters of
some non-traditional seed oils for use as biodiesel in India. Biomass Bioenerg 29:293-302

Bekunda M, Palm CA, De Fraiture C et al (2008) Biofuels in developing countries. In: Howarth
RW, Bringezu S (eds) Biofuels: environmental consequences and interactions with changing
land use. Proceedings of the Scientific Committee on Problems of the Environment (SCOPE),
22-25 September 2008, Gummersbach, Germany. Cornell University, Ithaca

Bond WJ, Midgley GF (2000) A proposed CO,- controlled mechanism of woody plants invasion
in grasslands and savannas. Glob Change Biol 6:865-869

Botswana Government (2009a) A tender for provision of consultancy services for the development
of national biofuels guidelines and research on the effects of Jatropha sp farming on local farmers.
Ministry of Minerals, Energy and Water Affairs, Gaborone

Botswana Government (2009b) Botswana biomass energy strategy. Final report, Ministry of
Minerals, Energy and Water Affairs, Gaborone

de Pous P (2008) EEB policy briefing on EU biofuels and bioenergy policy. European Environmental
Bureau (aisbl), Brussels. www.eeb.org

Dube PO, Sekhwela MBM (2008) Indigenous knowledge, institutions and practices for coping with
variable climate in the Limpopo Basin of Botswana. In: Leary N, Adejuwon J, Barros V, Burton
I, Kulkarni J, Lasco R (eds) Climate change and adaptation. Earthscan, London, pp 71-89.

Fehrenbach H, Glegrich J, Reinhardt G et al (2008) Criteria for a (include all authors) sustainable
use of bioenergy on a global scale. Research report 206-41-112, Federal Environmental Agency,
Federal Ministry of the Environment, Netherlands. http://www.umweltbundesamt.de

Hall DO, Rosillo-Calle F, Williams RH et al (1993) Biomass for energy: supply prospects. In:
Johansson HK, Reddy AKN, Williams RH (eds) Renewable energy: sources for fuels and
electricity. Island Press, Washington D.C

Heinimo J, Junginger M (2009) Production and trading of biomass for energy — an overview of the
global status. Biomass Bioenerg 33:1310-1320

Hulme M (1996) Climate change and southern Africa: an explotation of some potential
impacts and implications for SADC Region. Climate Research Unit, University of East
Anglia, Norwich, UK

Kartha S, Leach G, Rajan SC (2005) Advancing bioenergy for sustainable development: guide-
lines for policymakers and investors. Energy Sector Management Assistance Programme (ESMAP)
report 300/05, Advancing Bioenergy for Sustainable development Word Bank, Washington

Kedikilwe K (2008) The Minister speech, annexure 1. Proceedings of the Botswana biofuels work-
shopm, 15%—16" July 2008. Department of Energy, Ministry of Minerals, Energy and Water
Affairs, Gaborone



2 Biomass Potential in Arid and Semi-Arid Regions in Botswana 25

Klepper G, Canadell P, Leemans R et al (2008) ESSP Research on bioenergy and earth sustain-
ability: tapping GEC programme-wide expertise for the benefit of science and society. IHDP
Update Science Dialogue Extra, Special Edition 2008: 31-36. www.ihdp.org

Krutilla K, Hyde WF, Barnes D (1995) Periurban deforestation in developing countries. Forest
Ecol Manag 74:181-195

Mabowe BR (2009) A proposal for biodiesel development from Jatropha seeds. Ministry of
Minereals, energy and water resources, Gaborone

Moleele NM (1998) Encroacher woody plant browse as feed for cattle: cattle diet composition for
three seasons at Olifants Drift South East Botswana. J Arid Environ 40:255-268

Mushove PT, Makoni JT (1993) Coppicing ability of Colophospermum mopane. In: Piearce GD,
Gumbo DJ (eds) The ecology and management of indigenous forests in southern Africa. The
Forestry Commission, Harare, Zimbabwe, pp 226-230

Namibian Agronomic Board (2007) Annual report number 20. Ministry of Agriculture, Water and
Forestry, Windhoek

Phyto Trade Africa (2007) Morula Oil. http://www.phytotradeafrica.com/products/MarulaOil.html

Phyto Trade Africa (2009) Xemenia Oil. http://www.phytotradeafrica.com/products/xeminiaoil

Ringrose S, Matheson W, Wolski P, Huntsman-Mapila P (2003) Vegetation cover trends along the
Botswana transect. J Arid Environ 54:297-317

Royal Society (2008) Sustainable biofuels: prospects and challenges. Royal Society, London

Rutz D, Van Dam J, Janssen R, Hiegl W, Diaz Chavez RA, Woods J, Faaij APC, Smeets EMW, Vos
J, Vis M, Bottriell K, Rettenmaier N, Reinhardt G, Nussbaum R, Gozzi A, Haye A, da Silva
Walter AC, Hilbert JA, Coto C, Fallot A, Sawe EN, Togola I, Ouattare O, Jaax R (2010) Global
socio-economic impact assessment of biofuel and bioproduct chains. Proceedings of the 18th
European biomass conference and exhibition; ISBN 978-88-89407-56-5

Schlegel S, Kaphengst T (2007) European Union policy on bioenergy and the role of sustainability
criteria and certification systems. J Agric Food Ind Organ 5(7):1-17

Sekhwela MBM (1997) Environmental impact of wood biomass use in Botswana: the case of
fuelwood. In: Kgathi DL, Hall DO, Hategeka A, Sekhwela MBM (eds) Biomass energy policy
in Africa. Zed Books Ltd, London, pp 64-144

Sekhwela MBM (2000) Woody biomass production ecology in Kalahari communal areas of
Botswana. PhD Thesis, Botany Department, University of Queensland, Brisbane

Sekhwela MBM (2003) Woody vegetation resource changes round selected settlement along arid-
ity gradient in the Kalahari, Botswana. J Arid Environ 54:469-482

Sekhwela MBM, Ntseane PG, Dube PO et al (2007) Towards an integrated sustainable harvesting,
management and conservation of Phane and Mophane Woodland. Phase I final report, Office of
Research and Development, University of Botswana, Gaborone

Skarpe C (1990) Shrub layer dynamics under different herbivore densities in arid savanna,
Botswana. J Appl Ecol 27:873-885

Skarpe C (1991) Spatial patterns and dynamics of woody vegetation in arid savanna. J Veg Sci
2:565-572

Smeets E (2008) Possibilities and limitations for sustainable bioenergy production systems. PhD
Thesis, Copernicus Institute for Sustainable Development and Innovation, Utrecht University,
The Netherland

Taylor FW (2000) Changes in the utilisation and management of renewable natural resources (veld
products) in the Kalahari. In: Ringrose S, Chanda S (eds) Towards sustainable management in
the Kalahari region: some essential background and critical issues. Directorate of Research and
Development, University of Botswana, Gaborone

Tietema T (1993) Possibilities for the management of indigenous woodlands in southern Africa: a
case study from Botswana. In: Piearce GD, Gumbo DJ (eds) The ecology and management of
indigenous forests in southern Africa. The Forestry Commission, Harare

Wicke B, Dornburg V, Junginger M et al (2008) Different palm oil production systems for energy
purposes and their greenhouse gas implications. Biomass Bioenerg 32(12):1322-1337

World Bank (2008) World development report. World Bank, Washington D.C

Zimmerman H, Pasiecznik NM (2005) Realistic approaches to the management of Prosopis spe-
cies in South Africa. Plant Protection Research Institute, Agricultural Research Council, Pretoria



Chapter 3
Jatropha: A Promising Crop for Africa’s
Biofuel Production?

Janske van Eijck, Edward Smeets, and André Faaij

Abstract Jatropha has often been proposed as a miracle crop for the production of
oil, because of the high yields and low requirements in terms of land quality, climate
and crop management. A large number of companies have started with jatropha
production in Africa which is projected to increase rapidly. Yet, the sector is not
fully developed and therefore the economic viability is unclear. Crucial issues for
the economic performance are the crop management system, level of inputs and
thereby yield and labour requirements, the price of jatropha seeds, and the business
model used (e.g. farmer-centred, plantation model). Other factors influencing the
sustainability of jatropha production and use are land use conversions and their
resulting impacts on GHG emissions, as well as socio-economic impacts which
depend largely on the combination of local socio-economic circumstances and on
the business model. Plantations have generally larger negative effects on biodiver-
sity and land issues than farmer-centred models, but larger positive effects on
employment levels. Farmer-centred models are generally more pro-poor due to
technological spillovers and the larger number of farmers involved. Especially when
jatropha products are used to increase energy access, local communities can benefit.
More research is required to determine optimised agricultural practices, long-term
effects on food security, local prosperity and gender issues and technological devel-
opment of equipment that can use jatropha products. It should be avoided to replace
food crops with jatropha to avoid negative impacts on food security.
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3.1 Introduction

Sub-Saharan Africa is frequently mentioned as a region with large potential for
bioenergy production (Marrison and Larson 1996; Hoogwijk et al. 2005; Smeets
et al. 2007). However, the production and use of bioenergy does not necessarily
contribute to sustainable development. The environmental and socio-economic
impacts depend, amongst others, on natural conditions (climate, soil), socio-economic
settings (employment, poverty, governance), and crop production systems (low vs.
intermediate or high inputs) (Dornburg et al. 2010; Schut et al. 2010b).

Jatropha has been promoted as a potential renewable energy source. Initially it
was claimed to simultaneously reclaim waste land, enhance rural development as
well as producing biofuels (Francis et al. 2005). Large investments in jatropha
(Jatropha curcas L.) are ongoing, a total of 900,000 ha were planted globally up to
2008, and projections for 2015 show a total of 12.8 million ha of which large parts
are in Asia (£80%) and Africa (+ 15%) (GEXI 2008). But, agronomy, socio-economic
and technical aspects of the jatropha value chain and its implications on the sustainable
livelihoods of people are still unknown. The uncertainties will be described in this
chapter focusing on cultivation management, yields, labour requirements, price of
jatropha seeds, different business models, and on socio-economic impacts.

3.2 Cultivation Management and Yields

Most of the Jatropha curcas L. grown in Africa is from the Cape Verde variety.
Other two varieties that are identified are the Nicaraguan and Mexican varieties,
with larger, but with fewer fruits and less toxic seeds compared to the Cape Verde
variety (IFAD/FAO 2010). The plant requires relatively little management and starts
to produce seeds after 1-3 years, depending on soil and climate conditions (van
Eijck and Romijn 2008). Jatropha can be productive for 30-50 years (Achten et al.
2008; van Eijck and Romijn 2008; IFAD/FAO 2010).

Field preparation required before planting jatropha consists of ploughing, marking
and digging holes. Jatropha does not require high quality soils, but cannot stand
water logging and therefore heavy soils like heavy clay soils are less suitable
(Achten et al. 2008). Planting of jatropha uses different propagation techniques,
namely direct sowing, seedlings raised in nurseries or via vegetative propagation by
plant cuttings. Cuttings have a much quicker growth path, but the plants will not
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develop tap roots which may be problematic in extremely dry areas. Plant spacing
can vary, the optimum density is determined by the purpose of planting, e.g. as
fence, erosion stopper, support tree for vanilla, or to produce biofuels on monocul-
ture plantations. If other crops are planted on the same plot (i.e. in intercropping
systems), a distance of at least 3—5 m is required between jatropha rows. This allows
other crops to obtain enough sunlight. Weeding is normally only required in the first
4 years after planting jatropha. After this period jatropha plants have grown enough
to compete favourably for sunlight with weeds (Loos 2008; Mitchell 2008).
Especially after rainy periods weeds can grow vigorously and compete for nutrients
in the soil. Therefore, weeding is one of the most important tasks during the initial
stages of cultivation. Pruning should be carried out every year, since this practice
induces branching, which in turn stimulates higher yields. Pruning should be per-
formed before the start of rainy periods (Achten et al. 2008; Behera et al. 2010).
Periodic thinning is advised for plantations, to enable sunlight to reach the jatropha
plants (Jongschaap et al. 2007). Fertilisation can increase yields significantly. This
is an important aspect because nutrient levels may decrease when jatropha seeds are
harvested and if these nutrients are not replenished. Based on the nutrient composi-
tion of jatropha fruits taken from Jongschaap et al. (2007) it can be estimated that
from harvesting one ton of seeds 14.3-34.3 kg N, 0.7-7.0 kg P and 14.3-31.6 kg K
are removed from the soil (Achten et al. 2008). However, existing fertilisation rates
are often much lower (Mwangi 1996; IAC 2004). At the moment several tests are
being executed to identify the value of seedcake, which is obtained after pressing of
jatropha seeds, as fertiliser. Furthermore, pest and disease control reduces fungal
and insect attacks, although the effectiveness on the long-term for large plantations
is not (yet) known. Jatropha can be sensitive during the first years, in Kenya for
example many farmers reported damage by insects (GTZ 2009b).

When jatropha plants are mature, fruits will be generated after every rainy period.
Several fruit development stages (flowering and fruiting) occur on the same plant,
so repeated harvesting is required over a period of several months (Mitchell 2008).
Each fruit contains three seeds, although occasionally two or four seeds can be
found. The fruits need to be dehulled to obtain the seeds. This demands larger labour
efforts (see Sect. 3.3) or machinery, if available. Drying of the seeds is required if
the moisture content of the seeds is too high. Packing and transport to the processing
unit are the final steps before the oil is produced.

The level of inputs varies with different cultivation systems. Inputs refer to the
use of agro-chemicals (pesticides, herbicides), fertilisers and other management
practices like pruning and weeding. Three levels of inputs can be distinguished. In
case of a low input system no agro-chemicals or fertilisers (synthetic or manure) are
used and no pruning and irrigation is applied. Only weeding is performed. This crop
management is common practice in smallholder agricultural systems (Loos 2008;
Mitchell 2008; Fermont et al. 2009). In an intermediate input system limited use is
made of agro-chemicals, fertilisers (synthetic or manure), and weeding and pruning
is carried out, but no irrigation is applied. Lastly, a high input system refers to a high
level of fertilising, weeding, pruning, and irrigation. This last system is not common
practice for smallholders, but is practised by more capital intensive investments on
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plantation scale. The different levels of input have a significant impact on the yield,
although the number of field data is limited, especially with respect to the performance
on the long-term.

Other inputs required for jatropha cultivation are: tools for field preparation,
weed control and pruning (hoes and machetes), the initial seeds or seedlings for
planting, fertilisers, pesticides and irrigation systems (if applicable), and potentially
land rent. Also packaging material expenses can be part of input expenses. Depending
on the year, total expenses excluding labour in a low or intermediate input system
lie between 21 and 68 US$ ha™! year™'.

There is large variability in jatropha yields due to differences in climate, soil
characteristics and crop management (Achten et al. 2008, FACT Foundation 2009;
van Eijck et al. 2011). Systematic yield monitoring for jatropha started only recently,
so there are still large uncertainties about long-term yields. Older jatropha literature
mentions a large range of 0.5-12 tha™! year™ (Francis et al. 2005). Based on recent
data the bandwidth is narrowed, the upper range of 12 tha™! year~! has been reduced.
For example, Jongschaap et al. (2007) projected a maximum of 7.8 tha™' year'for
mature stands with a range of 1.5-7.8 tha™! year~!. And Trabucco et al. (2010) mod-
elled yields based on a maximum of 5 tha! year™'.

Jongschaap et al. (2007) also mention observed yields for 1 or 2 year old planta-
tions, ranging from 0.6-4.0 tha™! year™!, whilst Heller (1996) and Tewari (2007)
state 2.0-3.0 tha™! year™! as a good range for semi-arid wastelands. The report by
Endelevu Energy on jatropha in Kenya projected a much lower maximum yield in
very dry areas of 0.86 kg per tree, which relates to 1.4 tha™' year™' if 1,600 trees are
planted ha'(GTZ 2009b). A recent report that combined literature of jatropha
related studies includes a range of verified observed data of 0-2.5 tha™! year™' (van
Eijck et al. 2010). The yield is determined largely by the input system. Low input
systems will generate a yield in the lower ranges (like the GTZ study), whilst inter-
mediate and high input systems will generate yields closer to the maximum.

According to Nielsen (2009a), the growth of jatropha follows an S-shaped curve
with slow growth in the beginning, an increased growth in later years levelling off
towards the end. And according to observations of Nielsen (2009a) and van Eijck
etal. (2011) maximum yield under poor conditions can be reached as late as in year
8. However, this is greatly influenced by climate conditions.

The report by van Eijck et al. (2010) furthermore concluded that scientific data
related to cultivation practices and yields is still lacking. Often yields are published
without additional information like plant spacing, rainfall data, soil condition,
fertiliser application and composition, and other specific agronomic data. Partly due
to this reason, cultivation management techniques are still not optimised for local
conditions in the regions where jatropha is grown. Although there is no doubt that
considerable yields can be obtained from older stands of jatropha (15 years and older)
planted in very wide spacings, it is unclear how long this will take when jatropha
is planted commercially. This is a crucial limiting factor in the determination of the
potential for jatropha.
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3.3 Labour Requirements

The total manual labour requirements for jatropha cultivation and harvesting were
investigated by several studies as shown in Table 3.1.

The total number of labour days varies with the input system and the production
year. It is between 17 and 107 days ha™! year™! or 34-214 US$ ha™! year™! (with a
labour rate of 2 US$ day™') (van Eijck et al. 2011).

The major time consuming task in the cultivation of jatropha is harvesting, until
now done manually. Depending on the density of jatropha cultivation, one person
can harvest on average around 40 kg seeds per day. Data from 12 jatropha sites
showed that when jatropha seeds are picked from fences or ‘wild’ jatropha, the total
amount of seeds that can be picked per day is on average 20-30 kg, whilst planta-
tions that are well maintained could make it possible to pick 40-60 kg per day
(FACT Foundation 2009). Empirical evidence in Mozambique suggests that one
person can collect seeds at 8—24 kg per day or 1-3 kg per hour, assuming an 8 h
working day, including dehulling, and 40 kg per day or 5 kg per hour without dehulling
(Nielsen 2009b). This shows the relatively large labour requirement for dehulling.
Electrical and manually operated dehullers are developed, though usually dehulling
takes place at the field.

Mechanised harvesting systems are under development, but are problematic,
because both ripe and immature seeds as well as flowers grow simultaneously at the
shrubs (Jongschaap et al. 2007). This could reduce yields. Mechanised harvesting
systems are nevertheless being developed, but will most probably not be feasible for
smallholders. However, several harvesters have been developed and are being tested.
Mechanical harvesters have not been optimised yet, but one example that is on the
market (BEI harvester) can harvest 1.5 ha per hour. The labour requirement for
jatropha is significantly reduced by approximately 40% if mechanised harvesters
are used.

Other tasks that require labour occur mostly in the initial stages of jatropha
cultivation. Field preparation and planting for example only have to be executed
once in the lifetime of jatropha. Weed control is especially important during the first
years of establishing the plantation (Loos 2008; Mitchell 2008).

Table 3.1 Labour requirements for jatropha cultivation and harvesting

Days ha™! year™! Details Source

70 From year 6 onwards Jongschaap et al. (2007)
200 First year Francis et al. (2005)

50 Year 2+

91-107 First year van Eijck et al. (2011)

17-82 Year 2+ (low or intermediate input system)
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Table 3.2 Prices paid for jatropha seeds reported by various studies

Price per kg
Country Type of project (US$) Details Study
Tanzania Outgrowers (2008) 0.07 Guaranteed price to Struijs (2008)
farmer
Tanzania Outgrowers (2009) 0.08-0.17 0.08 US$ is van Eijck (2009)
guaranteed
Tanzania Small farmers 0.08-0.25  For soap production ~ Messemaker (2008),
Altenburg et al.
(2009)
Mozambique Small-scale 0.08-0.18  0.18 USS$ is paid to Nielsen (2009b)
participating

farmers, 0.08 US$
to other farmers

3.4 Price of Jatropha Seeds

Jatropha oil is an alternative for fossil diesel and therefore from a market perspective,
jatropha oil has to be competitive with diesel fuel. Jatropha oil can also be used for
soap production, but that market is relatively small. Jatropha oil (Straight Vegetable
Oil or SVO) can be chemically modified by the transesterification process to obtain
jatropha biodiesel. However, this will increase the costs, especially at small-scale.
The focus of this chapter is on SVO.

The consumer price of jatropha SVO is determined by the costs of feedstock,
transport, processing and potential taxes. For feedstock, around 4 kg of seeds are
needed per litre oil. The conversion will add around 0.20 US$ per litre to the total
expenses, based on motor press costs in Zimbabwe (Openshaw 2000). Average
fossil diesel prices in Africa (in 2008) are around 1 US$ per litre (GTZ 2009a).
Therefore, without transport costs or taxes, the maximum feedstock price could
amount to 0.80 US$ 1! or 0.20 US$ kg™'. But, as transport expenses have to be taken
into account as well, current prices paid for seeds are between 0.06-0.20 US$ kg™
(see Table 3.2). The prices paid for jatropha seeds could increase in the future if the
oil price rises, production systems become more efficient and cost effective, e.g. by
increased yields, optimising the value of the by-products, and by establishing more
efficient transport systems.

3.5 Business Models

Various business models can be applied for the production of jatropha. A possible
distinction is made by Altenburg et al. (2009) who discusses a government-centred
model (cultivation on communal and government land), a farmer-centred model
(cultivation on private land) and a corporate-centred model (large-scale cultivation).
Furthermore, a farmer-centred model can have different business models as
described by Vermeulen and Cotula (2010) and Bijman et al. (2009). Bijman et al.
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differentiate the following farmer-centred systems: (1) centralised model (processor
sources from a large number of (small) farmers), (2) nucleus estate model (processor
sources from farmers and own production facilities) and (3) multipartite model
(joint venture between the state, a private company and farmers). The last model
allows a state agency to provide technical support and inputs whilst the processor
guarantees market access. In this way the risks and expenses are divided between
the state and private companies. This model is implemented and tested in India, for
example by the use of Rural Business Hubs or the Rural Employment Guarantee
Scheme (GRAIN 2008).

Which business model is applied depends on local circumstances and project
goals. Sometimes practical issues determine the choice of business models. In
Mozambique, a project designed for the energy needs of local people decided to
press the seeds at a central location because quality control was only feasible with
larger quantities. It made transport expenses higher and seedcake could not be
returned to farmers easily (Nielsen 2009b). In Tanzania similar factors contributed
to the decision to establish a central processing unit (van Eijck 2009).

In this chapter two business models are highlighted, namely the “farmer-centred
model” and the “corporate-centred model”. As the name of the corporate-centred
model is not regarded sufficiently clear, the term “plantation model” is applied in
this chapter.

3.5.1 Farmer-Centred Model

Farmer-centred models are also called contract farming models or outgrowers models.
Production is done by cultivation of biofuel crops on family owned land and family
operated farms aimed at self-sufficiency with respect to the production of food.
Bijman et al. (2009) analysed contractual arrangements for jatropha smallholders in
Mozambique. They state that the transaction costs between farmers and jatropha
processors are high, thereby increasing risks. This is due to the long time lag between
planting and harvesting, the lack of knowledge and experience as well as access to
inputs and supporting services. Processors also risk abuse of inputs (if provided)
and sideselling of the crop. Finally, formal contractual arrangements were found to
be potentially difficult to maintain due to weak property rights enforcement (Bijman
et al. 2009). Organising farmers in a group facilitates access of the members to
credit schemes and makes the implementation of trainings easier. Farmer clubs are
for example set up in Mozambique (Nielsen 2009b). The advantage of outgrower
models is that start-up costs are less than for large-scale corporate models, as no land
has to be acquired before start-up. Land acquisition is often very politically sensitive
(see Sect. 3.6).

Experiences from setting up farmer-centred models (outgrower network) show
clear benefits for local people. However, such models are very time consuming, as
it takes effort to convince outgrowers, requires adequate funding to cover for the
long pay back period. In addition, market distortions reduce reliability of feedstock
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supply (van Eijck 2009). Finally, in outgrowers systems the distances are an important
factor as certain regions may be more easily accessible than others (e.g. due to bad
infrastructure), and hence, transport costs can be high.

3.5.2 Plantation Model

Large-scale operations are characterised by the use of large areas of land and
advanced crop management techniques in combination with wage labourers. Large
demand for biofuel drives investors to use large-scale corporate models. But a number
of companies that applied this model have currently financial problems or went
bankrupt. Part of these problems may be explained by the financial crisis in 2009,
but another part could be explained by inflated yield figures and a lack of long-term
funding. For example, a jatropha company in Tanzania, that requested 8,000 ha of
land, spent 3 years to complete the land acquisition process (Gordon-Maclean et al.
2008; FAO 2010). In Tanzania at least one plantation company went bankrupt
(Bioshape) and another in Mozambique (Energem). So far, to the authors’ knowl-
edge, no successful large-scale jatropha plantations exists producing commercial
amounts of jatropha seed. Thus, it will take a few more years before this model can
proof its suitability for jatropha. Today, large plantations are being developed, for
example 160,000 ha in Kenya (Christian 2010). Senegal aims at the development of
approximately 300,000 ha jatropha plantations in 2012 (Ministry of Agriculture
Senegal 2007).

3.5.3 Comparison Between the Farmer-Centred
and the Plantation Models

The financial viability of jatropha varies with the business model used. A large
influencing factor is the value of the by-products. Without the use of by-products,
the jatropha system is currently hardly economical. This is also true as current yields
are relatively low. More research is required to develop agronomic practices and
plants with higher yields. For plantation models, the high initial investment and the
relatively long time before cash is generated, involves cash flow risk. A farmer-
centred system does not have these high initial costs, but providing training and
extension services is rather costly and time consuming. The price of seeds deter-
mines the price of jatropha oil which in turn should be competitive with fossil diesel
to ensure local markets. Jatropha oil is currently not viable as commercial substitute
for fossil diesel. Carbon credits can help investors to obtain additional revenues, but
not many initiatives have yet been successfully. In farmer-centred models transport
expenses are important.

The size of the plantations has high impacts on the region. In the south of Tanzania
for example, a large-scale plantation of 80,000 ha expected to employ 10,000 people.
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If minimum wages of 65 US$ per month would be considered, a total of 156 million
US$ would be paid to local employees over a period of 20 years. This is a higher
number compared to farmer-centred business models. For example, if seeds are
bought from local communities at a factory gate price of 0.17 US$, this price
accounts for 0.08 US$ paid to farmers, around 0.03 US$ commission to collectors,
and around 0.06 US$ to local transport. All these payments are done at local level,
creating a total money flow of around 72 million US$ in 20 years, if 80,000 tons of
seeds from 80,000 ha are considered. This means 80,000 farmers (if the average size
is 1 ha) will have an additional income of around 80 US$ per year. So, although the
total amount of money brought into local communities is less in farmer-centred
business models, it reaches more people. Furthermore, farmer-centred models can
provide additional sources of income for smallholders including the use of by-products
as energy, food or wood-fuel (Achten et al. 2007; Achten et al. 2010).

3.6 Socio-Economic Impacts Related to Business Models

Many different studies have been published that list potential socio-economic
impacts. Since many projects are still in early phases, the long-term effects are not
yet clear. This chapter addresses food security, local prosperity, land rights, and
gender issues based on the review of literature analysing existing projects.

3.6.1 Food Security

Food security impacts are difficult, if not impossible, to determine at project level.
It is influenced by a variety of factors such as food availability, food access, food
utilisation and food stability (UN 2008). Food availability relates to the crop
production whilst food access relates to food prices and income level. The other two
factors are less directly linked to the production of biofuels. Food utilisation relates
to the ability of the population to absorb nutrients and food stability relates to events
that can cause reduced access to food such as conflicts, disasters, etc. A study by
FAO investigated the linkages between biofuel crop production and food security in
Tanzania and found no significant negative impact (FAO 2010). The largest con-
tributor to food insecurity in Tanzania is the currently low agricultural yields. It was
concluded that even a slight increase of current yields will offset any effect on food
security. Furthermore, FAO also emphasised the welfare gains from additional
income and employment. Food security can, however, be negatively impacted when
the cultivation of food crops is replaced by jatropha. This so far only happened in
two cases, namely in Honduras and Brazil (Ariza-Montobbio and Lele 2010; Finco
and Doppler 2010). In Brazil, a company that worked with contract farmers,
promoted the cultivation as monoculture. When this company faced financial
problems, the market could no longer be guaranteed and the farmers lost income
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and land availability, leading to a loss of food security. Such problems can be
avoided if markets for jatropha seeds are well established with a variety of competing
market actors. However, such cases show that converting areas used for food
production can have negative impacts on food security and should therefore be
avoided.

3.6.2 Local Prosperity

Local prosperity is determined by the benefits of the local population, either income
or non-financial benefits like access to energy, capacity building and education.
Especially the availability of jatropha oil for local communities and its use in special
equipment has positive effects. If jatropha seeds are processed and the products are
used locally, energy access levels can be increased. Jatropha production and pro-
cessing offers opportunities for a wide variety of products that can be used locally:

e Soap

* Seedcake for biogas

* Oil for special stoves

* Oil for special lights

 Electricity by using oil in adapted generators

For domestic purposes, jatropha oil could mainly be used as cooking fuel in
adapted cooking stoves, and as lighting source in adapted lamps. Another use is in
electricity generators, potentially connected to a local electricity grid. However, to
date only few stoves and lamps have been developed which are working properly
with jatropha SVO. As SVO has a higher viscosity than fossil diesel or kerosene, it
can not be used in standard equipment.

Employment levels vary according to the business model used. Plantations nor-
mally generate more direct labour; whilst farmer-centred models reach more people.
Arndt et al. (2009) compared outgrower and plantation models, and concluded that
the outgrower (smallholder) approach is more pro-poor. This is due to the differences
in labour and capital intensity. Outgrower approaches use more unskilled labour
resulting in technology spillovers. This result is supported by FAO claiming that all
biofuel production scenarios improve household welfare and local prosperity, but
small-scale outgrower schemes, especially for cassava and jatropha, are most effective
at raising poorer households’ incomes (FAO 2010).

Skills and attitudes are other important determinants of local prosperity.
Technological spillovers ensure capacity building and lead to increased yields.
However, financial problems (e.g. difficulties in cash flow), as currently experienced
by some jatropha companies, can have a negative impact. In Mozambique, it has
been reported that the bankruptcy of a jatropha company has led to decreased trust
of people (Schut et al. 2010a). This is a negative change in attitude by local com-
munities that has to be avoided. Thus, taking precautions and developing clear exit
strategies should be part of a project design. A gradual scaling up of the organisation
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could lead to a more sustainable operation. It will enable local communities to
absorb the changes, and in case of displacement of people will have less sudden
impacts. It will also allow time for internal learning process.

3.6.3 Land Rights

Land conflicts are very common in Africa. In most cases land can only be leased,
but lease times can be as long as 99 years (Tanzania). In plantation models, it is
required to acquire land titles whereas for farmer-centred models this does not
apply. Reoccurring issues when obtaining administrative land rights of large plots of
land are: previous land use, compensation and transparency. Even though land may
be registered as unused, local communities often obtain fuel and fodder from these
areas or use it for grazing cattle. Furthermore, if previous land use was forest,
converting this biomass into jatropha will generate a carbon debt. The carbon
sequestered by jatropha will not necessarily offset this effect, depending on the
density of the forest (Romijn 2010). Secondly, compensation paid to local commu-
nities for land acquisition is difficult since the determination of the land value is a
complicated issue. Often the villagers are satisfied with any amount, because the
land was not generating income before (Cotula et al. 2009). Land administration
processes take very long time, in one case in Tanzania it was reported to take 3 years
(Gordon-Maclean et al. 2008; Sulle and Nelson 2009). Transparency is often
lacking and in some cases investors by-pass official (often very unclear) procedures.
Promises made by investors often are not laid down in written agreements, which,
in addition, are rarely in local language. This aspect does not only apply for
jatropha, but in general for land acquisition processes. Neutral brokers serving as a
liason between investor and community can help creating good deals for the
community and a clear understanding on both sides. In Mozambique it has been
observed that infrastructure was developed by jatropha investors leading to an
improvement of the situation of the local population. In farmer-centred systems,
land issues have less direct impacts. It has been reported, however, that in some
cases the situation of vulnerable groups deteriorated, mostly caused by land
pressure (Salfrais 2010). It is important to investigate the situation of land pressure
before promotion of jatropha systems. But, on smaller scales, planting jatropha as
fences can help to reduce land boundary conflicts (Salfrais 2010).

3.6.4 Gender

Gender issues for jatropha have not been investigated in great detail so far. Harvesting
jatropha is normally done by women. More technical tasks, such as driving tractors
and processing, are usually executed by men. However, the impact of a labour force
of e.g. 10,000 (mainly women) workers, is unclear. Women could as well be trained
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for higher skilled jobs. In one case in Mozambique, it was observed that favourable
working hours at the plantation enabled women to keep tending their household
plots where they often cultivate food crops for their own consumption (Peters 2009).
The availability of jatropha oil for domestic use (cooking and lighting) could benefit
especially women.

3.7 Conclusion

The jatropha sector is not yet fully developed. Therefore it is difficult to assess the
actual potential or long-term effects. Several projects demonstrate that jatropha can
contribute to rural development, particularly when jatropha was present in the region
and income is generated by selling seeds. Other projects have demonstrated that it
is possible to establish jatropha in dry areas. However, some jatropha projects have
failed financially due to different reasons including the lack of sufficient experience
to compile a solid and accurate business plan. As no company is producing com-
mercial quantities of jatropha oil it is currently difficult to determine the actual
economic viability of jatropha production. Large-scale plantations will have larger
negative impacts on biodiversity and land rights, but larger positive effects on
employment and the local economy. Large-scale projects require gradual imple-
mentation to avoid sudden and large effects on the local environment, economy and
population. Farmer-centred models have less negative effects on biodiversity and
land rights. Employment levels are lower, but reach more people and are generally
considered to be more pro-poor. Jatropha can clearly have benefits for local com-
munities, especially when energy access is increased. This can be done by using
jatropha oil or seedcake in special equipment for lighting or cooking. Jatropha will
have a positive environmental effect when planted as additional crop, but not when
natural vegetation is cleared. It can help to reduce soil and wind erosion. More
research is required on agronomic practices to ensure increased yields. Since it is a
perennial crop and since agronomic research is time consuming, it is expected to
take at least 5 years before better genotypes are available. Finally, long-term effects
on food security, local prosperity and gender have to be monitored. In order to
minimise impact on food security, it should be avoided to replace food crops with
jatropha.
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Chapter 4

Small-Scale Production of Jatropha in Zambia
and its Implications for Rural Development
and National Biofuel Policies

Thomson Sinkala and Francis X. Johnson

Abstract Concerns about energy security and the need to promote rural development
have been key factors in the promotion of biofuels in many developing countries in
Africa. At the same time, the low cost of labour and plentiful land in some regions
of Africa has motivated many foreign investors to set up biofuels schemes that are
aimed at export markets. Small-scale production of biofuels in a Least Developed
Country (LDC) such as Zambia offers a potentially more viable alternative, or in
some cases a complement, to large-scale schemes. The lower capital investment
required and the fact that households and communities can use by-products allows
for value-added at the local level. The case of jatropha exhibits a number of benefits
if there is a willingness to experiment with various production schemes and develop
different products. In this chapter small-scale jatropha production in Zambia is
assessed using a case study at Thomro farms. The relation of small-scale schemes
to national priorities and policies is reviewed and the future role of jatropha at local
and national levels is discussed.
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4.1 Introduction

Bioenergy and its associated co-products can be a valuable part of the sustainability
transition in developed and developing countries alike. New emerging markets can
contribute to agricultural and rural development, energy security and environmental
restoration. When practised at small scale in the context of rural households, bioenergy
crops can improve household and community economies and contribute to social
stability and lower migration to crowded urban centres. Small-scale bioenergy
schemes can offer an alternative to large-scale bioenergy and liquid biofuels, which
have raised a variety of environmental and social concerns, such as displacement of
food crops and land degradation.

Zambia is a country with a significant amount of land and resources per capita,
but still suffers from high levels of poverty in rural areas. At the same time, it has no
domestic fossil fuels and must devote a large share of its foreign exchange to oil
imports. As a landlocked country, Zambia faces even higher costs than some of its
neighbours in getting its products to and from markets, thereby further increasing
energy costs (Johnson and Matsika 2006). With rising oil prices in recent years,
biofuels have emerged as a means for Zambia to reduce its dependency on imported
oil. Those biofuel crops that can provide a variety of other products and services in
addition to energy are especially appealing in some developing countries where the
co-products can displace imports, generate cash revenue and exports, and improve
health and life quality in rural areas.

Amongst the biofuel crops that have received special attention in Zambia is
Jatropha curcas, an oil-bearing plant that can grow in a variety of tropical and
sub-tropical climates and provides many co-products, which are often valuable for
rural communities. This chapter looks at the case of jatropha in Zambia and examines
how small family-based farms can benefit from its cultivation. Such local uses and
markets are generally quite distinct from, although not necessarily in conflict with,
the role envisioned for jatropha as part of Zambia’s national energy policies and
biofuels strategies. The linkages, synergies and conflicts across different scales
and applications are explored in this chapter through special reference to a case
study from Thomro farms in Zambia.

4.2 Energy Markets and Policies in Zambia

In Zambia, the major sources of energy include fuel-wood, hydropower, and
petroleum. Fuel-wood accounts for about 70% of the nation’s energy needs whilst
hydropower contributes about 14%. The estimated hydropower potential in Zambia
is 6,000 MW, and the current installed capacity is 1,760 MW. Hydroelectric plants
provide 99% of electrical energy, nearly all of which is from the large plants at
Kafue Gorge, Kariba North Bank and Victoria Falls (MEWD 2008). Petroleum
products account for 12% of the energy mix, all of which is imported.
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Zambia’s electricity is consumed mainly by the mines whilst only about 22% of
Zambia’s population have access to electricity (Republic of Zambia 2008). The
remainder use woodfuel, charcoal and other traditional energy sources for their
household energy needs. The charcoal delivered to urban centres is derived from
peri-urban areas, resulting in deforestation and associated land degradation. In some
provinces, this deforestation is exacerbated by poor agricultural practices, such as
slash and burn agriculture and a shifting cultivation method known as citimene.
Such approaches, maintained at subsistence levels, have been combined with social
distribution methods. However, they can also stifle innovation in improving resource
use and creating new livelihoods (Kakeya et al. 2006).

In Zambia’s Northern Province, the level of deforestation has been estimated at
200,000 ha per year during the last several decades, which may have contributed to
a changing climate and decreased rainfall in the region (Muloshi 2007). By 2006,
deforestation had affected more than 4.3 million hectares (35%) of forested land
over a period of 40 years, a situation which is unsustainable, even for a sparsely
populated country like Zambia.

Therefore, without alternative energy and sustainable agricultural practices, both
poverty and forest cover loss in Northern Province and in other areas of Zambia will
increase. The high levels of poverty will have a negative effect on development, by
leading to further inefficiency in the utilisation of natural resources and greater
environmental degradation.

Considering the large and burdensome fuel import bill in Zambia, lack of indige-
nous petroleum production and the country’s available vast arable land suitable for
growing energy crops, the prospects of local biofuels production in Zambia are consid-
erable. The biofuels industry would not only bring general economic benefits, but could
also help to reduce disparities in fuel prices which, until September 2010 when Government
issued uniform prices throughout the country, were unfavourable to areas further away
from Lusaka and Copperbelt (see Table 4.1).

Only 14% of the total arable land of 42 million hectares is currently used for
agricultural production. With its considerable land resources, water resources and
agricultural land per person (5.79 ha/capita), Zambia could reduce poverty and

Table4.1 National price disparities at fuel pumps across different regions of Zambia (1 US$=K5000,
May 2010)

Petrol Diesel Kerosene
Provincial capital Kwacha US$ Kwacha US$ Kwacha US$
Kasama 8,390 1.68 7,717 1.54 5,598 1.12
Livingstone 8,030 1.61 7,355 1.47 5,288 1.06
Chipata 8,229 1.65 7,556 1.51 5,460 1.09
Solwezi 7,825 1.57 7,150 1.43 5,111 1.02
Ndola 7,461 1.49 6,786 1.36 4,798 0.96
Lusaka 7,573 1.51 6,898 1.38 4,893 0.98
Kabwe 7,543 1.51 6,868 1.37 4,868 0.97
Mansa 8,252 1.65 7,579 1.52 5,480 1.10

Mongu 8,337 1.67 7,664 1.53 5,553 1.11
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Table 4.2 Comparison of population, resources, and GDP for selected countries

Population
Arable Total renewable below poverty
Population land used Area/Person water resources GDP (1,000 Line (% (year
Country (Million) (%) (ha/capita)  (km®/capita) USD/capita) measured))
Zambia 13.0 7 5.79 8.69 1.6 86 (1993)
Brazil 201.1 7 4.23 40.94 10.1 26 (2008)
USA 310.2 18 3.17 9.89 46.5 12 (2004)
S. Africa 49.1 12 2.48 1.02 10.3 50 (2000)
France 64.1 33 1.00 2.95 41.6 6.4 (2004)
Switzerland 7.6 10 0.54 7.01 64.5 7.4 (2009)
Germany 82.3 33 0.43 2.28 39.8 11 (2001)
Netherlands  16.8 22 0.25 5.34 47.6 10.5 (2005)

increase its economic wealth. However, as Table 4.2 shows, Zambia not only has
low GDP per capita, but also high poverty levels (86%). If Zambia decided to use,
for example, 20 million hectares for biofuels, the country would still have available
4.25 ha/capita, which remains higher than any of the countries shown in
Table 4.2.

In recognition of the future role of biofuels, the National Energy Policy of 2008
included the following goals or measures:

» Expansion of the role of biofuels in the national fuel mix

* Ensuring security of supply and stable prices of fuels by promotion of biofuels
for transport as an alternative to petroleum

e Ensuring availability of data and information on market demand, resource
assessment and applicability of biofuels

* Providing a legal and institutional framework for the biofuels sub-sector

e Supporting investment in the biofuels industry through appropriate incentives,
standards and research

To ensure security of supply and stable fuel prices, Zambian policies promote
biofuels for transport as an alternative to petroleum by supporting:

e Cultivation of energy crops

* Investment in biofuels through appropriate incentives
 Participation of Zambians in the biofuels industry as shareholders
e Maintenance of food security and environmental sustainability

The policies also address the fact that traditional biomass energy (fuel-wood,
charcoal, agricultural and forestry wastes) forms the largest part of Zambia’s energy
mix. To improve the standard of living the policy articulates that there is need to
switch from low quality household energy sources to modern energy resources such
as electricity, petroleum products, biofuels and biogas.
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4.3 Assessing Feedstock Options in Zambia

A number of feedstocks for biodiesel and bioethanol production were assessed to
evaluate their relative contributions towards societal goals. The parameters used to
assess target biofuels feedstocks in Zambia include:

e Scope of wealth ownership at national and individual levels
e Appropriate production technology

* Job creation

» Resilience against external disturbances
* Diversity of products

* Size of investment

e Market scope

e Land requirements

* Water requirements

* Food security

* Geographical coverage

e Environment

These parameters determine the sustainability of the biofuels industry in Zambia
including impacts on other sectors. The parameters are briefly explained below and
an evaluation matrix is given in Table 4.3.

Table 4.3 Biofuels feedstock assessment/ranking in Zambia

Parameters Jatropha Oil palm Castor Sugarcane Sweet sorghum Cassava
Yield (kg/ha) 2,000 5,000 1,500 6,000 4,000 4,500
Wealth ownership 3 3 3 3 3 3
(individual / national )*
Production technology* 3 3 2 1 1 1
Job creation® 3 2 3 3 3 3
Resilience® 3 3 3 3 3 3
Geographical coverage™ 3 1 3 1 3 2
Environmental damage* 3 3 3 2 3 3
Investment®* 3 2 2 1 2 3
Diversity of products® 3 2 3 2 2 3
Food security® 3 2 2 1 2 3
Market® 3 1 3 1 2 2
Land/water requirement® 2+3 3+1 2+3  3+1 3+3 3+3
SCORE (Rank) 35(1) 26 (3) 31(2) 23(3) 30 (2) 32 (1)

*All parameters (except technology, environmental damage, land, water and investment) have:
high=H=3; average=A=2; low=L=1; for technology, environmental damage, land, water and
investment, the key is: high=H=1; average=A=2; low=L=3

"Low rank of 1 for geographical coverage for sugarcane and palm oil is due to the fact that growth
is limited to areas with sufficient rainfall

‘Investment requirements depend mainly on scale (sugarcane is highest) but also on whether crop
is perennial (e.g. Jatropha)
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Wealth ownership (individual/nation): It is preferable if the wealth derived
from Zambia’s biofuels activities is fully owned and controlled by Zambian citizens.
A feedstock which facilitates local ownership would create a base for further
developments and promote sustainability of the industry.

Appropriate production technology: As Zambia lacks own developments of innova-
tive technologies, it is preferable to target biofuels feedstocks suitable for simple
and proven technologies without losing the intended quality of products. This would
ensure greater participation and biofuels industry ownership by Zambians.

Job creation: Zambia is experiencing high poverty levels and unemployment.
Policies should target biofuels feedstocks that create jobs for Zambians, especially
in rural areas. This could help to reduce, and perhaps reverse, the migration of rural
dwellers to cities. Unemployed urban dwellers could have new opportunities for
steady employment on a plantation or the possibility to develop their own small
plot or farm.

Resilience against external disturbances: There should be a high degree of local
production and consumption and few external production inputs to minimise the risk
of shocks on Zambia’s biofuels industry due to external pressures or price changes.

Diversity of products: Policies should target feedstocks that have more products in
addition to liquid biofuels, thereby facilitating low and stable production costs as
well as increased business opportunities along the value chain.

Size of investment: The smaller the size of initial investment required for biofuels
feedstock, the larger the number of Zambians that could become involved. High
upfront investment is often the greatest barrier for economic development in Zambia
and in LDC in general.

Scope of the Market: Many exotic crops and their by-products are targeted towards
the export market. It is preferable to promote biofuel feedstocks that can be also
used by the grower himself/herself. In good times, growers could use products in the
primary (biofuels) business line whereas in bad times they could use products in
secondary business lines (own use, local market), thus minimising external shocks.

Land requirements: The biofuels programme should preferably target feedstocks
with high yield per hectare and requiring low quality of soils. This would reduce
land competition and input requirements.

Water requirements: It is preferable to target feedstocks that do not require irrigation.
This would allow biofuels development further away from water bodies, reduce
conflicts over water use and minimise the risk due to droughts.

Food security: Policies should target feedstocks that do not compromise food
security and do not result in net displacement of land for food production.

Geographical coverage: Policies should target feedstocks with broad geographical
coverage suitable for many regions of Zambia. This would ensure broader participa-
tion and ownership and enhance political stability.
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Environmental Damage: 1t is preferable to use feedstocks that have low or even net
positive environmental impacts. Land, water and other resources must be used
prudently to safeguard the interests of future generations.

As shown in Table 4.3, jatropha ranks high in many respects and had the highest
overall score. It is a plant that favours participation at small-scale, and thus has special
benefits for the rural poor with access to land. Consequently, there are already many
small-scale participants in the jatropha industry in Zambia.

4.4 Small-Scale Case Study: Thomro Biofuels Farm

Thomro Biofuels’ jatropha plantation is located about 12 km from Lusaka city centre.
The jatropha plants cover about 12 ha out of a total of 105 ha. The first plantings
were done in 2005/2006 and the plantation used seedlings from various sources in
D.R. Congo, Tanzania and Zambia. Some key lessons learned in terms of the overall
physical and economic viability of operations at Thomro Biofuels farm are sum-
marised below. The discussion focuses on non-energy products and characteristics,
since these are more closely related to local value-added, and can be developed
alongside the expected market for biodiesel at national level. Experiences in Kenya,
for example, have illustrated the economic risks of focusing on jatropha production
only for biodiesel (Endelevu Energy 2009).

4.4.1 Weeding of Jatropha Fields

At the moment, a significant share of the work in the jatropha plantation involves weed-
ing, as grass is probably the worst enemy of jatropha. For weeding, Thomro has used
various approaches including: hoes, herbicides, livestock and slashing. Using goats adds
economic and ecological value to the plantation operations whilst providing a solution to
the weed problem. As Thomro must maintain a maximum number of goats for weeding
purposes, the excess goats can be sold, thus earning additional income. Livestock also
adds manure to the field during grazing time. The manure from the goat shelter is used for
crop production. A 25 kg bag of manure costs 0.6 US$ in the Thomro farm area.

In Zambia, a goat costs 16-90 US$ depending on the source, size and breed. The crop-
ping of 10 average size goats of local breed is currently estimated to provide income of 300
USS$. Thomro is breeding to increase the number of goats; from the six female and one
male goat acquired in 2008, Thomro now has 25 heads of goats (as of September 2010).

4.4.2 Improving Pollination in Jatropha Fields

Jatropha is pollinated by insects. At Thomro Biofuels farm, the insects observed are
primarily honey bees and septic flies. To increase the insect life for pollination,
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Thomro Biofuels has created and installed a trial beehive. Honey produced from
jatropha flowers is a high-value product that adds to income. By producing honey
with jatropha pollen, bees enhance jatropha fruit production, which leads to higher
oil yields per tree and hectare. The harvest from this trial beehive yielded a retail
value of 134 US$ of honey. If there was a beehive per each hectare of the 12 ha
under jatropha, this would have yielded 1,608 US$.

According to Zambia Agribusiness Forum, Zambia has emerged as Africa’s
largest exporter of honey and bee products to the European Union and the USA,
with supply to those markets projected at 1,000 tons by the end of 2010. Zambia had
50,000 people deriving their livelihood from bee products in 2010. The global market
for honey and other products related to honey bees is worth over 200 billion USS.
The existence of a global market suggests a large potential to derive synergies
between jatropha and bee industries.

4.4.3 Soap Production from Jatropha

At present, Thomro Biofuels is extracting oil from jatropha seeds for soap production
whilst the residue cake is being utilised as organic fertiliser for crop production.
From one litre of jatropha oil, about six pieces of jatropha soap of 100 g each can be
produced. At a retail price of 0.6 US$ each, a litre of jatropha fetches 3.60 USS$. This
is several times more than the price for a litre of jatropha oil or biodiesel. As
Table 4.1 shows, the most expensive price for diesel in Zambia is at Kasama, where
diesel costs 1.54 US$. In other countries such as Madagascar (where its main use is
for soap-making) the price of jatropha oil is 1.50 USS$, thus illustrating the higher
value-added that can be obtained where market prices can rise closer to their value
relative to alternative uses.

The soap market in Zambia is more than 50 million US$ per year. Soap production
with jatropha oil has been promoted in Mali, Tanzania and Madagascar where it has
gained recognition in the market as an anti-septic natural soap. There is therefore
potential for this in Zambia’s market.

4.4.4 Use of the Jatropha Cake

The jatropha cake has relatively high levels of nitrogen (N), phosphorus (P) and
potassium (K). Two studies have reported the following nutrient levels:

* 6.0% nitrogen, 2.75% phosphorus and 1.0% potassium (Chungu 2007)
e 3.2-4.44% nitrogen, 1.4-2.09% phosphorus, 1.2—-1.68% potassium (van Eijck
2007).

These levels are reasonably high and therefore jatropha cake can be used as
organic fertiliser. The increased availability of organic fertilisers in Zambia has the
potential to minimise shifting cultivation, leading to a net reduction in deforestation
and environmental degradation.
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4.5 Greenhouse Gas Balance for Biodiesel from Jatropha

Zambia has no obligation to reduce its GHG emissions and indeed it is expected that
Zambia will increase its emissions. It has a similar ethical right to develop its
economy as other Least Developed Countries in their efforts to promote growth and
development. Nevertheless, the GHG balance of jatropha biofuels must be taken
into consideration, since financing opportunities may be associated with emissions,
and also because all countries of the world will have to develop low-carbon paths of
development.

The main GHG emissions are CO,, CH, and N,O. CO, is less problematic with
biofuels since most of the CO, is recycled during plant growth. For example, a full
grown jatropha shrub absorbs around 8 kg of CO, per year, which translates into
CO, sequestration of 20 tons ha™' year™', assuming a plantation with 2,500 shrubs
ha™' (Muok and Killbzck 2008). CH, and N, O are more problematic as they originate
from soils, fertilisers, and land clearing or burning.

Emissions from cultivated soils associated with fertiliser decomposition and
N,O emissions are a main concern due to their high global warming potential
(GWP-100). Emissions are highly dependent on soil conditions (moisture, nitrate,
etc.) and cultivation practices. N,O emissions associated with biofuels are not
different from other land uses, as over 70% of global N,O emissions are associated
with agricultural land use (IPCC 2007).

The main benefit of jatropha lies in the very low emissions from cultivation, even
if land use change is taken into account. The various co-products further improve
the GHG balance, offering a competitive advantage of jatropha compared to other
first generation biodiesel crops. Assuming technical suitability of jatropha oil, a market
which values GHG-performance may thus lead to higher prices. The GHG reduction
compared to diesel has been estimated at 68% under the assumptions used in the EU
Renewable Energy Directive (RED) (Dehue and Hettinga 2008; EC 2009).

Looking more broadly at all environmental impacts, biodiesel from jatropha
shows both advantages (e.g. saving non-renewable energy) and disadvantages (e.g.
acidification and eutrophication) compared to fossil diesel. Therefore, a decision for
or against a particular fuel is inevitably subjective in terms of overall lifecycle
impacts. Such decisions must be made on the basis of prioritised characteristics
(IFEU 2007). If GHG reduction is given the highest priority, then jatropha biodiesel
will outperform fossil diesel, unless extensive land use change occurred when the
jatropha plantations were set up.

In general, an improvement of the impacts of jatropha requires optimisation of
the by-product utilisation. Improved by-product use will in some cases depend on
centralised production, where the options increase for different by-products.
Therefore, local production and use may not be as effective as central production
when it comes to GHG reductions (Tomomatsu and Swallow 2007). However,
where jatropha biodiesel is used to offset diesel in electricity production in small
generators, additional GHG savings are expected due to the efficiencies of local use,
i.e. savings in transport and distribution.
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4.6 Conclusions

Jatropha cultivation for biofuels is linked to both small-scale and large-scale
production methods and markets. The example of Thomro Biofuels illustrated the
potential chain of products and the associated upstream and downstream industries.
The fact that these products have markets at various scales, ranging from internal
household consumption to national and international markets, shows that cross-scale
effects may be important in this industry and may help to cushion it from external
shocks that occur in export-focused agro-industries.

The fact that the jatropha industry is open for participation to people from all
socio-economic strata, especially in rural communities throughout Zambia, can
enhance the ownership and sustainability of the industry. Positive consequences of
this ownership include improved household and national economies, food and
energy security as well as overall economic development and improved social
stability in rural areas. The contribution at national level will depend on how the local
markets and small growers are eventually linked to the national biofuels framework,
a process that is under development in Zambia.
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Chapter 5
Economic Evaluation of Sweet Sorghum

in Biofuel Production as a Multi-purpose Crop:
The Case of Zambia

Clarietta Chagwiza and Gavin Fraser

Abstract Increasing awareness of the environmental damage caused by the existing
fossil fuel-based energy system and rising fossil fuel prices explain, in part, the
growing interest in renewable energy sources. In March 2008, oil broke through the
psychological ceiling of 100 US$ a barrel, and later in early June 2008 rose to 140
USS$ on the way to 150 US$. In addition, rising issues on global warming have
resulted in the need to consider alternative sources of energy. This also resulted in
debates about biofuels in most developing and developed countries. Zambia is faced
with an energy crisis from importation of large amounts of crude oil and the high
cost of fuel and petroleum products. Sweet sorghum has been flagged as a potential
biofuel feedstock in Zambia. This chapter evaluates different varieties of sweet
sorghum and identifies production scenarios under which sweet sorghum can be
produced in Zambia by the use of Gross Margin Analysis. It also evaluates notable
trade-offs in producing sweet sorghum instead of grain sorghum. The results show
that identifying high sweet sorghum yielding varieties and optimum production
scenarios are important pre-requisites for the successful implementation of the use
of sweet sorghum in biofuel production. The results indicate a positive relationship
between the yield of sweet sorghum and the production regime.
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5.1 Introduction

In view of the rising crude oil prices, forecasted shortages of fossil fuels, the need
for new income and employment opportunities for rural farmers, biofuels have
become a topical issue in Zambia. Furthermore, Hernandez and Reddy (2007) point
out that environmental pollution associated with fossil oil use has resulted in
increased worldwide interest in the production and use of biofuels. Leigh (2008)
highlighted that in March 2008 oil broke through the psychological ceiling of 100
USS$ a barrel, and later in early June 2008 rose to 140 US$ on the way to 150 USS$.

Banda (2007) indicated that Zambia spends in excess of 500 million US$ a year
on the importation of crude oil to meet its national demand for fuel, which accounts
for 10% of the country’s foreign exchange expenditure and 14% of the national
energy requirement (Johnson and Rosillo-Calle 2007). This calls for alternative
sources of fuels to cut down on the expenses incurred for importing oil from the
developed world. O’Keeffe (2007) indicated that 53% of the petroleum imported to
Zambia is channelled into the transport sector.

A number of potential crops have been noted, for example maize and sweet
sorghum. According to Munyinda (2005), sweet sorghum (Sorghum bicolor) has
been recognized as a possible alternative or complementary crop to provide raw
material to the sugarcane industry in southern Africa. Sweet sorghum is unique
in its agronomic characteristics. Hence, Grassi (2001) considered it a crop of universal
value, because it can be grown on all continents, in tropical, sub-tropical, temperate
regions as well as in poor quality soils and in semi-arid regions.

However, biofuels cause controversy and invoke opposition to their implementa-
tion. According to O’Keeffe (2007), serious legitimate social and environmental
concerns are raised as to the impact of biofuels, such as fears over deforestation,
land consumed by fuel crops to the detriment of food crops, and the quantities of
land needed to grow typically low energy density crops, which could lead to the
marginalization of small-scale farmers.

As one of the alternative sources of energy and a multi-purpose crop, sweet
sorghum needs to be assessed in terms of its socio-economic impacts. This pertains
to issues like food security, income generation and general improvements of liveli-
hoods of the people in Zambia. Variety selection is an important decision in sweet
sorghum production when feed, fuel, food and fibre needs are to be satisfied (Janssen
et al. 2010). This chapter seeks to evaluate the different varieties of sweet sorghum
in terms of their fresh stem, sugar and grain yields. It also assesses the socio-
economic impacts of sweet sorghum as a multi-purpose crop in Zambia.

5.2 Implications of Using Sweet Sorghum in Biofuel
Production

The economic motivation for biofuels is that they are convenient, low cost, domesti-
cally produced substitutes for crude oil, a fuel that is getting costlier by the day and is
imported from politically volatile regions (Rajagopal and Zilberman 2007). Biofuels
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have the potential to improve foreign reserves of most countries. By substituting
biofuels partially for imported oil, cash-strapped developing countries can invest their
scarce capital in their own farms and industries rather than exporting it to wealthier
oil-producing nations (ICRISAT 2007).

However, biofuels offer a number of pressing issues that need to be addressed
before they are fully embraced and commercialized. Producing biofuels on a large-
scale could require huge areas of land. Many countries, especially in Africa, cannot
afford to divert land from food production since this may have negative impact on
their food security. Food and biomass require the same resources for production,
namely land, water and agrochemicals (Arungu-Olende 2007). Sweet sorghum has
a strong pro-poor advantage since it has a triple product potential: grain for human
consumption, juice for ethanol, and stillage or bagasse for livestock feed or
power generation.

5.2.1 Potential of Sweet Sorghum for Biofuels

Sweet sorghum is similar to grain sorghum and some other energy crops but features
more rapid growth, higher biomass production, wider adaptation, and has great
potential for ethanol production. Sweet sorghum being a C, species is more water
use efficient and can be successfully grown in semi-arid tropics, where other crops
such as maize fail to thrive. Woods (2001) described this as an important factor in
drought-prone sugar-producing regions of the world. Another important attribute of
sweet sorghum is that even the resource-poor farmers can sustain themselves and
realize improved income levels through growing this multi-purpose crop.

Munyinda (2005) highlighted that in developing countries like Zambia local
biomass production from locally grown crops can cut dependence and cash expen-
diture on imported fuels, increase community self-reliance, and provide a spur for
local job creation and growth. This implies that the cash saved from cutting fuel
imports can be used for other social services to improve the livelihoods of the
rural poor.

5.2.2 Criticism and Challenges of Sweet Sorghum
in Biofuel Production

Despite the benefits from biofuel production using sweet sorghum, developing
countries face a number of economic, social and environmental challenges. Dufey
(2006) highlighted that the cultivation of energy crops on a large-scale will have very
little impact on rural labour due to the issue of economies of scale. Hence, the need
for these economies of scale can act as a driver for establishing large-scale cultivation
of energy crops, thereby crowding out small farmers’ cultivation.

Another challenge in using sweet sorghum juice is the harvest time that is limited
to 3—4 months per year and the maintenance of juice stability. A number of reports
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suggest that juice extraction should occur soon after harvest and processing needs
to take place immediately (Gnansounou et al. 2005, Kundiyana et al. 2006, as cited
by Veal 2007). Additionally, Gnansounou et al. (2005) indicated that delays in
juice extraction results in the deterioration of sugar level in sweet sorghum stalks.
Munyinda (2005) argued that the crop has a large drawback, as it is bulky to transport
and cannot be stored. In fact, processing has to start within 24 hours after harvesting
or sugar will be lost.

According to Grassi (2001), one of the most challenging problems to solve for
sweet sorghum is to overcome its seasonality problem and the instable characteristics
of its fermentable sugars, that require high investments for fast bioethanol production
units (~70-90 days).

5.3 Analysis of Findings

Yields (fresh stem and grain) from nine sweet sorghum varieties were assessed under
four different production scenarios: (1) small-scale rain-fed, (2) improved rain-fed,
(3) improved single-cropping with supplementary irrigation and (4) improved
double-cropping with supplementary irrigation. Sweet sorghum varieties investi-
gated include Sima (alocal variety), TSI, Madhura, Praj 1, GE 2, GE 3, Wray, Cowley
and Keller. Some of the varieties produced substantially higher yields. For example,
the variety Wray under the improved double cropping with supplementary irrigation
has a stem yield of 136.8 t/ha. In addition, the variety 7.S/ has a higher grain yield of
14.78 t/ha under the double cropping production scenario.

Table 5.1 presents varieties of sweet sorghum with highest fresh stem and grain
yields. On average, Wray produced the highest fresh stem yields making this variety
suitable for ethanol production. The varieties Praj-1 and GE3 also produced high
yields of fresh stems. The varieties TS1 and Praj-1 produced the highest grain yields
making these varieties the optimum choice for farmers focusing on food security.

5.3.1 Gross Margin Analysis of Sweet Sorghum for Different
Scenarios of Production

A gross margin for an enterprise is its financial output minus its allocable variable
costs. The gross margin analysis model has been used to estimate the profitability of
cultivation of energy crops per hectare based on the assumptions about yield, output
price and cost of production. Mathematically, it is expressed as follows:

GROSS MARGIN = Value of Yield—Costs
Where: Value of yield =Price x Output

Costs=All variable costs
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Table 5.1 Fresh stem and grain yields of selected sweet sorghum varieties (Source: Chagwiza
2008)

Scenario Variety Stem yield (t/ha) Variety Grain yield (t/ha)
Small-scale Praj-1 13.60 Praj-1 1.47

Improved rain-fed Wray 22.82 Praj-1 3.57
Single-cropping GE3 78.20 TS1 8.09
Double-cropping Wray 136.8 TS1 14.78

A simulation of four models of production was employed where gross margins for
different scenarios of production were calculated in order to identify which scenario
Zambia could follow if sweet sorghum were to contribute significantly to ethanol
production as well as food security. The framework used was adapted from the study
by Cardno Agrisystems Limited (2007) for various major agricultural commodities
in Zambia. Gross margins of each sweet sorghum variety under different production
scenarios were calculated. For the sake of this study, the farming systems for the
production of sweet sorghum in Zambia were divided according to the type of agri-
cultural management practised. Four types identified were:

e Small-scale rain-fed

e Improved rain-fed

* Improved single cropping with supplementary irrigation
e Improved double cropping with supplementary irrigation

The gross margin calculations have been based on the following assumptions:

e The opportunity cost (i.e. the value forgone by not using the resources in the
most profitable alternative way) of a subsistence farmer is negligible. When a
farmer decides to hire labour for a task, costs are incurred in the production
system. Following this, the labour costs for the small-scale rain-fed scenario is
considered zero. Hence;

— 0% hired is assumed for the small-scale rain-fed production system.

— 50% hired labour is assumed for improved rain-fed and single crop production
system.

— 100% hired labour is assumed for double crop production.

e An exchange rate of 1 US$=ZMK 3,360 is assumed.

* Due to the fluctuating nature of commodity prices, all prices used are based on
July 2008 rates.

* A minimum wage (i.e. minimum hourly wage necessary for a person to achieve
a specific standard of living) of US$ 1 per hour is assumed in calculating the
labour costs.

* A cost of 59.50 US$ per 50 kg of both compound “D” and Urea is assumed.

o Price of ethanol is 0.45 US$ per litre. Given that Zambia has not yet sold ethanol
from sweet sorghum, the US price of ethanol was used as benchmark.

e All the parameters (yield and output) were calculated on per hectare basis.

* Gross margins do not include transport costs to the processing plant.
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Table 5.2 Gross margin for high yielding sweet sorghum varieties (Source: Chagwiza 2008)

Scenario Total income (US$) Total costs (US$) Gross margin (US$)
Small-scale 661 707 (46)
Improved rain-fed 1,486 1,132 353
Single-cropping 2,286 1,312 974
Double-cropping 2,572 1,048 1,524

A price of 357 US$ per tonne of grain is assumed.

* Price of sweet sorghum stalks is estimated at 10 US$ per tonne.

 Irrigation estimated to be 100 US$ per hectare assuming the same amounts were
applied to the single and double cropping production scenarios.

From the calculations carried out in Table 5.2 for different production scenarios,
the highest gross margin is realized in scenario 4, “improved double-cropping with
supplementary irrigation”, followed by scenario 3 “improved single-cropping with
supplementary irrigation”. A negative gross margin was realized in the “small-scale
rain-fed production” scenario (scenario 1). This shows that if sweet sorghum is to
contribute significantly to ethanol production, it has to be produced with supple-
mentary irrigation and not with small-scale rain-fed production systems.

An analysis of variation was used to reveal the variation within and between each
scenario of production (Chagwiza 2008). The analysis indicates there is a significant
influence of production scenario on gross margin. The more advanced the production
scenario, the higher the gross margin that can be obtained. The same applies to
the total income obtained under each scenario. Therefore, if sweet sorghum is to
contribute significantly to biofuel production and a higher gross margin realized,
then it should be produced under the double-cropping with supplementary irrigation
production scenario.

A post-hoc analysis was applied to test the variation in total income and the gross
margin in response to the different scenarios of production. Sufficient evidence
exists that there is a significant difference in total income under scenario 1 versus
scenarios 3 and 4, but insufficient evidence that there is a significant difference on
total income between scenarios 1 and 2. There is sufficient evidence to claim that
there is a significant difference in gross margin between scenarios 4 and scenarios
1, 2 and 3. This shows that the use of sweet sorghum in biofuel production can be more
viable if it is produced at a more advanced management regime, viz. scenario 4.

5.4 Conclusions and Recommendations

It is important to note that the sweet sorghum variety Wray produced high quantities
of fresh stems in all four production scenarios. The higher the stem yield, the higher
the amount of juice that can be extracted from a given variety. Hence, a variety that
produces large amounts of juice has good economic returns when it comes to etha-
nol production.
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With respect to grain yields, the varieties 7S/ and Praj-1 showed the best
performance. However, the challenge for plant breeders remains to develop varieties
producing high grain and fresh stem yields simultaneously.

As evidenced in this research, sweet sorghum has potential as biofuel feedstock.
It is important to identify varieties with optimal yields and the type of production
regime under which they can best be produced. This chapter has suggested that sweet
sorghum cannot be produced under small-scale management regimes due to existing
lack of expertise and (capital) resources. Substantially higher yields have been real-
ized under the improved single and double cropping scenarios with supplementary
irrigation. Consequently, these production scenarios are economically viable when it
comes to bioethanol production since they have indicated positive gross margins.

However, if biofuel production is to ensure that the rural poor capture a large
proportion of the benefits, small-scale farmers need to be empowered so that they
can also participate fully and make a noticeable contribution. This can be done
through the establishment of collectives where a number of small-scale farmers join
production activities, hence increasing economies of scale, risk-sharing and reducing
individual costs. Biofuels could provide developing countries such as Zambia with
a means to invest in their own rural areas instead of exporting their capital to
purchase fossil fuel from politically unstable environments.
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Chapter 6
Keynote Introduction: Biomass Technologies
and Markets in Africa

Dominik Rutz and Rainer Janssen

Abstract Globally, many different biomass technologies for energy production
are available. They all have the same general common feedstock, namely biomass
which is the organic matter derived from plants and animals, such as agricultural
crops, forests, organic wastes, and animal waste. Biomass can be used for different
purposes (feed, fibre, food, fuel) including energy production. Bioenergy is the
final energy output derived from biomass/feedstock. This includes liquid, gaseous,
and solid biofuels which are converted into heat, electricity, light, transportation
energy (kinetic energy) and other energy types. In Africa, currently mainly tradi-
tional technologies for biomass conversion are used. This includes the use of
wood-fuels for cooking. However, also modern technologies are increasingly
important in Africa. The present chapter describes different technologies applied
or suitable for African framework conditions. It furthermore provides an overview
on the existing bioenergy markets in Africa.

Keywords Biofuel technologies ® Markets ¢ Value-chain ¢ Feedstock * Process
* Energy carrier * Energy service

6.1 Introduction

Globally, many different biomass technologies for energy production are available.
They all have the same general common feedstock, namely biomass which is the
organic matter derived from plants and animals, such as agricultural crops, forest,
organic wastes, and animal waste. Biomass can be used for different purposes
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(feed, fibre, food, fuel) including energy production. Bioenergy is the final energy
output derived from biomass/feedstock. This includes liquid, gaseous, and solid
biofuels which are converted into heat, electricity, light, transportation energy
(kinetic energy) and other energy types.

In Africa, currently mainly traditional technologies for biomass are used. This
includes the use of wood-fuels for cooking. However, also modern technologies are
increasingly important in Africa. The present chapter describes different technolo-
gies applied or suitable for African framework conditions. It furthermore provides
an overview on the existing bioenergy markets in Africa.

6.2 Biomass Value Chains and Options in Africa

In order to assess and evaluate bioenergy technologies, the whole value chain of a bio-
energy system has to be considered. Typical bioenergy value chains include biomass
production, transport, conversion, and consumption. Along the value chain, different
impacts can be measured, such as social, economic and environmental impacts. Value
chains and their impacts are mainly influenced by the following four characteristics:

» Feedstock type (waste, lignocellulosic material, oily crops, sugar crops, starchy
crops, dedicated energy crops, co-products)

* Conversion technology (biological, mechanical, thermal, chemical processes)

* Intermediate energy carrier type (solid, gaseous, liquid energy carrier)

* Energy service (electricity, transport, heat, cooking and lighting)

The options for bioenergy in Africa are manifold since the use of biomass is
applicable at different scales, under various climatic conditions and under different
framework conditions. Bioenergy options in Africa range from small-scale house-
hold applications (e.g. wood-fuels for cooking) to large-scale liquid biofuel produc-
tion for transport. For all scales, different mechanical, thermo-chemical and
biological conversion technologies are available.

Due to the potential of different bioenergy pathways to substitute other energy
sources, bioenergy could be a solution to meet all types of energy needs: cooking,
lighting, electricity, heat, and transport, depending on the feedstock and on the tech-
nology. Bioenergy options for biomass feedstock, technologies and energy needs in
Africa are shown in Table 6.1.

Considering the different options listed in Table 6.1, the main criterion for sus-
tainability is related to the feedstock production. Thereby waste material is usually
a preferred feedstock source since it avoids land use and other sustainability con-
flicts, and since it contributes to sustainable waste management practices. Another
main criterion to be considered is the efficiency of the systems. Inefficient systems
need to be improved. For instance, many African households are still cooking with
inefficient three-stone stoves. By improving the stove technology, considerable
amounts of wood-fuel could be saved. Furthermore, a general challenge in Africa is
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Table 6.1 Traditional and potential bioenergy options for biomass feedstock, technologies and

energy needs in Africa

Feedstock

Processes

Energy carrier

Energy service

Non-renewable wood
(wood from land
where trees/shrubs do
not regrow)

Renewable wood (wood
from sustainable
managed forests)

Oil crops (e.g. jatropha,
castor, palm oil,
ximenia)

Waste oil (waste
cooking oil, animal
fat, fish oil)

Sugar and starch crops
(e.g. sugarcane, sweet
sorghum, cassava)

Dedicated lignocellu-
losic energy crops
(e.g. acacia, dichros-
tachys, prosopis,
miscanthus, typha)

Manure (manure
collected from the
field, manure from
stables)

Dry industrial organic
waste (e.g. nutshells,
bagasse, rice husks)

Combustion in stoves®
Conversion into
charcoal®b<
Gasification®
Co-firing in medium-
large combustion
plants*
Chipping®¢
Pelletisation®¢
Combustion in stoves®
Conversion into
charcoal**
Gasification®
Co-firing in medium-
large combustion
plants®

Pressing®*®<4

Transesterification
for biodiesel
production®!

Collection®ed

Transesterification
for biodiesel
production®!

Fermentation and
destillation®¢
Geling®
Chipping*¢
Pelletisation®¢
Gasification®?
Hydrolysis, fermenta-
tion, distillation?
Torrefaction?

Dried manure com-
busted in stoves®

Wet manure for
anaerobic
digestion*><4

Conversion into
charcoal®?

Gasification®¢

Hydrolysis, fermenta-
tion, distillation?

Co-firing in medium-
large combustion
plants©¢

Firewood®*¢
Charcoal®’<

Woodchips©¢
Pelletse
Firewood®**<
Charcoal®"¢
Syngas®¢

Straight
vegetable
oil*®

Biodiesel*!

Straight
vegetable
oil*bd

Biodiesel*!

Bioethanol®¢
Ethanol
gelfuel®

Woodchips®?
Pelletse¢
Charcoal®¢
Syngas®
Pyrolysis oil*4
Torrefied
biomass!

Dried manure
for cooking*

Biogas®*"<d

Biomethane®¢

Dried waste
material®

Charcoal®

Syngas®

Ethanol®¢

FT diesel!

Cooking*
Electricity>*
Process heat*

Cooking?*
Electricity®®

Process heat®?
Second gen. biofuels?

Cooking (SVO)*
Electricity (SVO, BD)®
Transport (SVO, BD)¢

Electricity (SVO, BD)"¢
Transport (SVO, BD)¢

Transport (ethanol )¢

Cooking (ethanol and
gelfuel)

Electricity!

Process heat®?

Second gen. biofuels?

Cooking*

Lighting®

Electricity and heat®*
Biomethane in transport!

Electricity?
Process heat™!
Second gen. biofuels?

(continued)
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Feedstock

Processes

Energy carrier

Energy service

Wet industrial
organic waste (e.g.
molasse, palm oil mill
effluent - POME)

Organic solid household
waste (organic waste
collected from
households)

Food waste (e.g. catering
waste from restau-
rants, expired food
from supermarkets,
spoiled waste)

Sewage sludge (from
wastewater treatment
plants)

Fermentation and
destillation®¢

Geling®

Anaerobic digestion®¢

Anaerobic digestion®

Co-firing in medium-
large combustion
plants®?

Anaerobic digestion®

Anaerobic digestion®

Bioethanol¢
Biogas®!
Biomethane!
Ethanol
gelfuel®
Biogas®!
Biomethane!
Dried waste®d

Biogas®!
Biomethane!

Biogas®!
Biomethane!

Transport (ethanol )¢

Cooking (ethanol and
gelfuel)*

Electricity and heat®*

Biomethane in transport*

Electricity and heat from
biogas¢

Biomethane in transport!

Electricity and heat from
co-firing?

Electricity and heat*¢

Biomethane in transport!

Electricity and heat*¢
Biomethane in transport!

SVO: straight vegetable oil, BD: biodiesel
Italic: This option should be phased out as soon as possible
*Application at household level

®Application at village level

°Application at medium enterprise level
dApplication at industrial level

the efficiency of the agricultural sector, independently if bioenergy or other uses of
agricultural crops are considered.

6.3 Overview of Energetic Biomass Use in Africa

As it is shown in Table 6.1, the value chains are highly influenced by the energy
carriers (e.g. charcoal, pellets, biogas, biofuels) which shall be produced. The energy
carrier influences the feedstock selection, the conversion technology and the final
energy service. Therefore, the following overview of the energetic biomass use in
Africa is presented for a variety of different energy carriers.

6.3.1 Charcoal and Firewood

Wood based fuels or so called wood-fuels include firewood and charcoal. In Sub-
Saharan Africa, wood-fuels provide more than 70% of the total energy consump-
tion. The majority of the population depends on wood-fuels because modern energy
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such as LPG, kerosene and electricity are either unavailable or unaffordable (Legros
et al. 2009).

Firewood for cooking is mainly used in rural areas whereas charcoal is mainly
used in urban areas. For instance in Tanzania, more than 80% of the urban population
depends on charcoal for their daily cooking (Sawe 2009). Charcoal in urban areas is
preferred to firewood mainly since it has a higher calorific value per unit weight and
thus can be transported more efficiently over longer distances. Furthermore, it needs
less storage room, is more stable to store, and cleaner in combustion.

Wood-fuels are used by many African people since they are cheap, available and
easy to handle. Thus, they constitute an important energy source for Africa. However,
major problems associated with the use of wood-fuels are deforestation, and forest
degradation, as well as health and safety issues when used as cooking fuel.

In comparison to the rather simple value chain of firewood production and use,
the value chain for charcoal is larger and more complex, comprising a wide range of
actors and operators with varying interests and stakes (Vos and Vis 2010).

Charcoal is produced from biomass (usually wood) by the carbonisation process
(slow pyrolysis) which is the conversion of biomass in absence of air, under high
temperatures and with long reaction times. This is typically done in batches of
1-5 tons in earth, brick or steel kilns. In Africa charcoal production is often illegal
and unregulated causing deforestation at large-scale.

6.3.2 Agricultural and Forestry Residues

One of the current success stories of modern bioenergy implementation in Africa is
the use of agricultural residues (bagasse) from the sugar sector in Mauritius for the
production of electricity and process heat. Bagasse based co-generation is common
practice in the Sub-Saharan sugar industry since many years, however Mauritius
was the first country in Sub-Saharan Africa to promote the use of highly efficient
high pressure co-generation equipment to increase the production of modern bioen-
ergy. Since the 1990s bagasse based electricity is exported to the national grid. In
2004 the installed co-generation capacity in the Mauritian sugar sector was 242 MW
with 318 GWh (16.5% of the electricity consumption in Mauritius) produced from
bagasse and 407 GWh (21.2%) produced from coal (Deepchand 2005). Today, the
sugar industry in Mauritius is self sufficient in energy and contributing about 50%
of the national electricity supply through electricity exports to the grid (Karekezi
and Kimani 2010). Co-generation in Mauritius is using bagasse during the harvest
season (about 6 months) and coal during the rest of the year.

The development of bagasse based co-generation was strongly supported by the
government of Mauritius (Karakezi et al. 2008). In 1985, the Sugar Sector Package
Deal Act was enacted to encourage the production of bagasse for the generation of
electricity. The Sugar Industry Efficiency Act (1988) provided tax incentives for
investments in the generation of electricity and encouraged small farmers to provide
bagasse for electricity generation. Together with the Bagasse Energy Development
Programme (BEDP) of 1991 and the abolishment of sugar export duties in 1994,
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these measures resulted in a steady growth of bagasse-based electricity production
in Mauritius.

In addition to the political support another important prerequisite for the success
of the sugar cane bagasse based co-generation programme in Mauritius is its effec-
tive revenue sharing measures. Thereby, it is guaranteed that the monetary benefits
from the sales of electricity are shared between all stakeholders of the sugar value
chain including the poor smallholder sugar cane farmers.

In recent years several Sub-Saharan African countries have implemented initia-
tives to follow the Mauritian success story in the use of agricultural residues for
energy production. In 2007 the regional initiative ‘Cogen for Africa’ (http://cogen.
unep.org), funded by the Global Environmental Facility (GEF), was launched in
order to significantly scale up the use of efficient cogeneration systems initially in
seven Eastern and Southern African countries (Kenya, Ethiopia, Malawi, Sudan,
Uganda, Tanzania and Swaziland). Agro-industries that are actively participating in
the project include private-sector-owned sugar companies as well as private sector
entities involved in agro-processing industries such as pulp and paper, forest prod-
ucts, palm oil, ground nuts, sisal and rice.

By February 2011, more than 100 investment opportunities for co-generation
projects based on agricultural residues have been identified by ‘Cogen for Africa’.
Furthermore, it is estimated based on current sugar production in Sub-Saharan
Africa that bagasse based cogeneration from sugar industries can meet about 5% of
the total electricity demand in the region (Karekezi and Kimani 2010). Including the
residues of other agro-industries and forestry industries about 10% of the electricity
could be generated through co-generation.

Finally, one of the main advantages making co-generation from agricultural and
forestry residues a promising option for modern bioenergy production in Sub-
Saharan Africa is the fact that well established agro-industries and forestry indus-
tries have available financial resources in order to implement efficient bioenergy
technologies in the short term. Private investment in bioenergy technologies, how-
ever, needs appropriate and supportive legal and regulatory frameworks in place
providing suitable incentives as well as economically viable access to electricity
grids (including reasonable feed-in tariff structures).

6.3.3 Torrefied Biomass

Torrefaction is a thermo-chemical treatment of biomass between 200 and 340°C.
Thereby biomass is partly decomposed releasing volatile compounds. Torrefied bio-
mass has approximately 30% more energy content per unit of mass than the biomass
feedstock used. Currently, the interest in the use of torrefied biomass especially in
large co-combustion power plants is increasing amongst European and North
American stakeholders. In Africa, torrefaction could be a suitable technology, but is
not yet applied.
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6.3.4 Briquettes, Pellets, and Woodchips

Besides wood-fuels and torrefied biomass, solid biofuels include briquettes, pellets
and woodchips. The production and use of these fuels in Africa is still very limited.

Biomass briquettes are blocks or balls of compacted small biomass particles.
Common briquettes are charcoal and biomass briquettes made from sawdust, car-
bonised sawdust or waste materials (e.g. charcoal residues, sunflower shells, paper).
There are various ways of producing briquettes including mechanical treatment
(pressure) and mixing different substances (e.g. waxes, water). The latter technol-
ogy is promoted mainly for small-scale applications in various development proj-
ects. Depending on the process and the input material, the quality of briquettes
varies largely. The quality influences the use of the briquettes which can be either
used at small-scale (for cooking) or at industrial-scale for large co-combustion
facilities.

Pellets are generally made from compacted sawdust or other biomass (e.g. straw)
that was grinded e.g. in a hammer mill. The pelletizing process is rather industria-
lised. Pellets are very energy dense with low humidity. Due to their often stan-
dardised nature (quality standards exist e.g. in Europe) in size and quality, pellets
can be easily traded and marketed. There is an increasing market for pellets in
Europe and North America to be used in biomass heating systems at household to
medium-size level. In Africa, pellets are currently not used and produced at large-
scale. However, due to their characteristics, pellets produced in Africa could be
easily exported to international markets (e.g. Europe).

Woodchips are small pieces of wood resulting from cutting or chipping trees,
branches, and other woody material. Woodchips can be used to produce heat and
electricity. Although the potential for woodchips in Africa is considerable, the use
of woodchips is not yet widely applied.

6.3.5 Biogas and Biomethane

Biogas is produced by anaerobic digestion (AD) which is a microbiological process
of decomposition of organic matter (manure, sewage sludge, wet organic waste,
energy crops) by microorganisms in the absence of oxygen (Al Seadi et al. 2008).
AD is common to many natural environments and largely applied today to produce
biogas in airproof reactor tanks and covered lagoons commonly named digesters.
Technologies range in scale from domestic systems for thermal (cooking) energy to
multi-megawatt grid-connected combined heat and power generation systems, or
even systems that inject biomethane (upgraded biogas to<95% CH, content) into
natural gas grids.

A wide range of micro-organisms are involved in the anaerobic process which has
two main end products: biogas and digestate. Biogas is a combustible gas consisting
of methane, carbon dioxide and small amounts of other gases and trace elements.



70 D. Rutz and R. Janssen

The methane fraction of biogas can be burned to produce light, electricity and heat.
Digestate is the decomposed substrate, rich in macro- and micro nutrients and there-
fore suitable to be used as fertiliser.

In several countries in Europe there is currently a boom in agricultural medium
sized biogas plants with an average electrical plant capacity of about 400 kW.
Currently, in Germany alone, more than 6,000 biogas plants are in operation.

Also in Africa the numbers of biogas installations is increasing, especially for
small-scale domestic biogas plants supplying households with energy for lighting
and cooking (Austin and Morris 2011). A number of national domestic biogas pro-
grammes were set up in Africa each with national targets of over 10,000 domestic
systems to be installed in the next 5 years. National programmes in Africa are cur-
rently implemented in Rwanda, Tanzania, Kenya, Uganda, Ethiopia, Cameroon,
Benin and Burkina Faso (SNV 2010).

One of the main advantages of medium to large-scale biogas production is the
potential to use wet organic waste materials which are converted to biogas and
digestate which can be used as fertiliser. This presents on the one hand large oppor-
tunities for Africa, but on the other hand, this depends on the introduction of suit-
able waste management practices and logistics.

6.3.6 Pure Plant Oil and Biodiesel

A large portion of liquid biofuels can be received from lipid sources such as plant,
animal and waste oils (Rutz and Janssen 2008). There exist mainly two types of
fuels that are based on lipids: pure plant oil (PPO) and biodiesel obtained from fur-
ther processing PPO.

Feedstock material in Africa is diverse and includes for example jatropha, palm oil,
soy, castor, sunflower, coconut, and many other crops (Walimwipi et al. 2011). Also
waste cooking oil and animal fats from the rendering or fish industry could be poten-
tially used. In the PPO and biodiesel value chain, the feedstock selection highly affects
the quality and the properties of the fuel which influences the potential use. PPO and
biodiesel for transport applications must meet high quality standards in order to ensure
smooth engine operations. Several African countries have started to introduce national
targets and initiatives for the use of biofuels (both biodiesel and bioethanol) in trans-
port, including for example Angola, Benin, Ethiopia, Ghana, Kenya, Madagascar,
Malawi, Mali, Namibia, Nigeria, Senegal, South Africa, Swaziland, Tanzania, Zambia,
and Zimbabwe (Walimwipi et al. 2011; Janssen and Rutz 2011).

However, many approaches in Africa do not target the use of PPO and biodiesel
in transport, but in small-scale stationary power stations for rural electrification.
Often, these projects include multifunctional platforms (MFP) for different services.
Small-scale projects usually use pure plant oil directly, whereas large-scale projects
aim at further processing of the oil into biodiesel.

Technologies for the pressing, purification and transesterification processes are
mature and available for different sizes and purposes. Biodiesel production can
range from small-scale, often batch-production, to large-scale industrial facilities.
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For example in South Africa, several micro- to small-scale biodiesel plants are
operated by small fleet owners or home producers using waste oils.

A relatively new approach is to produce biodiesel from algae at industrial scale.
However, technologies are not yet mature and it is unclear if the algae to biodiesel chain
will be commercial in the mid- to long-term. It may be also possible that oils from algae
are rather used for chemical purposes instead of bioenergy due to their high production
prices. Several areas in Africa may be suitable for the production of algae.

6.3.7 Bioethanol

The use of bioethanol in the energy sector is widely applied today. The main pro-
ducers of bioethanol are the USA and Brazil and bioethanol is traded internation-
ally. It is mainly produced by fermentation of sugar and starch. Bioethanol can be
produced at different scales; however, most facilities are large-scale.

The main feedstock today are sugarcane, sugar beets, corn, and wheat. In Africa,
the main feedstock is sugarcane, but in recent years much research was put on
breeding sweet sorghum varieties for bioethanol production (Munyinda et al. 2011;
Chagwiza and Fraser 2011; Janssen et al. 2010). The advantage of sweet sorghum
is its higher production efficiency compared to sugarcane and its tolerance to diffi-
cult growth conditions (e.g. drought, soil acidity). Other potential feedstock sources
in Africa are grain sorghum, cassava, and maize. Also molasses from the sugar
industry can be used for bioethanol production.

In recent years, many efforts were placed on the production of ethanol from
lignocellulosic biomass, so called second generation bioethanol. It is estimated that
the technology of second generation bioethanol production is close to commerciali-
sation. Besides waste materials (e.g. bagasse), potential second generation feed-
stock in Africa could be miscanthus and bamboo (Munyinda et al. 2011).

Munyinda et al. (2011) estimated the bioethanol potential in selected African
countries for different feedstocks at 35 EJ, with the Democratic Republic of Congo
having the largest potential, followed by Angola, Sudan, Zambia and Tanzania.
Bioethanol production in Africa was 637 million 1 in 2007, with the largest produc-
tion in South Africa, followed by Egypt and Nigeria.

A number of African countries have introduced initiatives and targets to promote
bioethanol development for transport, including Ethiopia, Kenya, Malawi, Nigeria,
South Africa, Sudan, and Zimbabwe. A niche market exists for the use of liquid
ethanol and ethanol-gel for domestic use in cooking facilities.

6.3.8 Pyrolysis Oil, Syngas and Other Thermo-Chemical
Conversion Products

Lignocellulosic biomass can be converted by thermo-chemical processes into vari-
ous valuable intermediate products, including syngas, pyrolysis oil, char, and slurry
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(mixture of char and pyrolysis oil). The desired product is influenced by the reactor
design and several parameters, such as the temperature, reaction time, reaction
a