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1 Introduction

1.1 Bioenergy and its contribution to a more sustainable
energy system

The global demand for energy, and associated services, is increasing. Energy and
energy services (lighting, cooking etc.) are required by societies to foster social and
economic development, to improve human welfare and health and to serve
productive processes (IPCC 2012). Fossil fuels dominate the current energy supply
and this leads to a rapid growth in global greenhouse gas (GHG) emissions. The
consumption of fossil fuels accounts for the majority of these GHG emissions (IPCC
2012). Climate change is at the top of the political agenda and negotiations are
ongoing in order to set an international policy framework for a post-Kyoto era, in
which developing countries are expected to commit towards climate change
mitigation goals and measures, alongside developed countries.

There are multiple options for lowering GHG emissions such as energy conservation
and promoting efficiency, using renewable energy or deploying nuclear energy
(IPCC 2012). There are various possibilities to generate renewable energy via solar,
wind, geothermal or biomass resources. The advantage of biomass is that the
production of biomass for energy generation can contribute not only to climate
change mitigation and energy security, but also to rural development and
employment generation (Faaij and Domac 2006). Besides these environmental and
social advantages, increasing energy prices, particularly of oil, are also stimulating
the market for alternative energy sources. Several studies have indicated that the
production of crops for energy production has the (technical) potential to
contribute up to one-third of the global energy supply in the year 2050 (Smeets et
al. 2007; Van Vuuren et al. 2009; Dornburg et al. 2010). Estimates vary widely with
respect to the technical potential (due to the inclusion of various restrictions on
resource limitations and environmental concerns), but most studies agree that the
technical potential of generation of energy derived from biomass (i.e., bioenergy)
including crops, residues and organic wastes, in 2050 can reach up to 500 EJ/yr
(Smeets et al. 2007; Batidzirai et al. 2012a). Out of the total technical bioenergy
potential, dedicated bioenergy crops have the largest (technical) potential of up to
200 EJ/year in 2050 (IPCC 2014).
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Chapter 1

Besides the advantages of biofuels for climate change mitigation, energy security
and rural development, biofuels can also have positive impacts on (regional) GDP,
and on mitigation of local pollutant emissions (Chum et al. 2011). Furthermore,
bioenergy is versatile because it can be deployed as solid, liquid and gaseous fuels
for a wide range of uses, including transportation, heating, electricity production,
and cooking (Chum et al. 2011). The main reasons for the deployment of biofuels
are:

1. Contribution to energy security through diversification of sources,
increasing the number of producing countries and potential to develop
‘homegrown’ energy;

2. Potential to contribute to necessary GHG emission reductions by replacing
fossil fuels;

3. Potential to contribute to development, with special focus on rural
development, regeneration of rural areas and improving access to modern
energy services.

Many developing countries have a large potential for supplying bioenergy
feedstocks (van der Hilst et al. 2011; Wicke et al. 2011; Batidzirai et al. 2012a).
Bioenergy production appears to have more scope for developing into an
economically competitive supply source in developing countries compared to
economically advanced countries, due to often more suitable climate conditions
and relatively lower land and labour costs, and the prevalence of low-intensity
agricultural management systems in which there is still ample scope for realising
high yield improvements through intensification (Smeets et al. 2007; Hoogwijk et
al. 2009; Wicke et al. 2011).

Bioenergy production and trade in developing countries can be economically
beneficial, e.g. by raising and diversifying farm income and by increasing rural
employment. Other benefits are a general improvement of the local livelihood,
supporting local services, an improvement in agricultural techniques and local food
security, increased access to energy and an improvement of working conditions
(Ewing and Msangi 2009; Wicke et al. 2009; Arndt et al. 2011; van der Horst and
Vermeylen 2011; Walter et al. 2011; Diaz-Chavez et al. 2013). Furthermore,
increased market opportunities can arise and capacity building can be promoted.
These positive impacts take place on different scales, from local to regional and
beyond. There are millions of smallholder farmers who could benefit from
additional income from energy crops.
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Introduction

However, the production and use of bioenergy does not necessarily contribute to
sustainable development. Negative impacts occur in developing countries where
existing laws for regulating land, water and other resource use are inadequate or
not sufficiently enforced, and where the combination of formal and customary
rights creates complex situations (German et al. 2011a). The main risks of crop-
based bioenergy cultivation for sustainable development and livelihoods, include
environmental problems such as deforestation and loss of biodiversity, but also
competition for arable land and related resources and consequent social impacts
on food security, tenure arrangements, displacement of communities and
economic activities, deforestation, impacts on, and unequal distribution of costs
and benefits (Sala et al. 2000; Mitchell 2008b; World Bank 2010b; German et al.
2011a; Diaz-Chavez et al. 2013; Hodbod and Tomei 2013; IPCC 2014). But also
economic unsustainability can be a cause of negative impacts, for instance when
projects are forced to close down. Some crops can only be produced in an
economically competitive manner in specific circumstances such as on a certain soil
type, in a particular climate condition, or with a specific management level (Van der
Hilst et al. 2010; Wicke et al. 2011; Wicke et al. 2013).

A bioenergy system includes various production systems, business models,
conversion technologies, capital intensities. These systems can thus cause both
positive and negative effects and their deployment needs to be in balance with a
range of environmental, social and economic objectives. Co-benefits and risks do
not necessarily overlap, neither geographically nor socially (Dauvergne and Neville
2010; Wilkinson and Herrera 2010; van der Horst and Vermeylen 2011). This means
that multiple sustainability issues across multiple spatial scales and across
development and deployment time scales have to be addressed, and a
correspondingly diverse array of sustainability assessment criteria and
methodologies are needed in order to enable adequate bioenergy investment
decision-making and monitoring of projects during implementation (van Dam et al.
2010b). What makes this particularly complex is that interactions between
different types of impacts can reinforce certain effects (positively or negatively) or
fully negate each other’s impact. Much is still unclear about the exact
circumstances under which bioenergy cultivation and processing are likely to
produce beneficial results, and under which circumstances they are likely to induce
harms, and about the pivotal factors that drive these diverse outcomes in specific
situations. In Table 1-1 an overview is provided of potential positive and negative
impacts at different scales.
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Chapter 1

Table 1-1: Potential positive(+) and negative (-) socio-economic (incl. institutional and technical) and

environmental impacts associated with bioenergy options at different scales (adapted from (IPCC

2014))

Impact Scale

Increase in economic activity, income generation and income diversification + Local
Investments in agricultural production systems can lead to overall agricultural Local
management improvements

Promotion of capacity building and new skills + Local

Efficient biomass technologies for cooking can improve health conditions Local

(mainly for women and children)

New job opportunities, bioenergy for local power generation using + Local
participaroty technology development can increase acceptance and

appropriation

Lower environmental impacts and more efficient land use compared to | + local to regional
reference agricultural and energy systems

Contribution to energy independence + local to national
Employment creation + local to national
Promotion of participative mechanisms for small scale producers + local to national
Improvement of soil and biodiversity and abatement of erosion + local to global
Promotion of technology development and/or facilitation of technology | + local to global
transfer

Decrease in food security (due to competition with food production; local to global
decreased food availability, food access, food usage and food supply stability

Increase in deforestation and/or forest degradation - local to global
Displacement of activities or other land uses - Local to global
Possible promotion of concentration in income and/or increase in poverty (if | - local to regional
sustainability criteria and strong governance are not in place)

Uncertainty about mid- and long term revenues - national
Possible reduction in labour demand due to technology - local
Improvement or deterioration in land tenure and land use rights +/- local

Cross sectoral spillovers or conflicts between forestry, agriculture, energy | +/- local to national
and/or mining

Impacts on labour rights along the value chain +/- local to national
Decrease or increase in conflicts or social tensions +/- local to national
Use of local knowledge in production and treatment of bioenergy crops, or | +/- local
discouragement of local knowledge and practises

Empowerment of local farmers by creating local income opportunities, or | +/- local
displacement of smallholders

Positive or negative gender impacts +/- local to national
Maintenance or improvement of soil structure, or negative impact on soil | +/- local to global
quality, water quality and biodiversity

Increase or decrease in market opportunities +/- local to global
Contribution to t changes in prices of feedstock +/- local to global
Improvement e in infrastructure coverage or (if only available for a few social | +/- local

groups), or increase in marginalisation

There has been a substantial increase in global trade of biomass since the start of
the 21% century (Walter et al. 2008; Lamers et al. 2014). This is mainly driven by the
economic margin between the cost of supply, including feedstock production and
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Introduction

supply logistics and the market price in importing countries and by an increased
demand due to biofuel promoting policies in Europe and the USA. An international
market has appeared and global solid biomass trade for example, has increased
more than fivefold in the last decade to 300 PJ in 2010 (Lamers et al. 2012). Hence,
due to the sheer growth in production and trade volumes, socio-economic and
environmental sustainability issues surrounding production and processing of
biofuels have been steadily growing in importance. A range ofinitiatives have been
set up that target the development of methodologies and tools to support
improved governance of bioenergy value chains, thus ensuring greater
sustainability of biofuels. One option to ensure the sustainable production and
trade of biofuels is the application of certification systems (Diaz-Chavez 2010).
There is globally an increased focus on the development of such sustainability
certification schemes and sustainability initiatives (van Dam et al. 2008b; van Dam
et al. 2010b; Vissers et al. 2011). Examples of these schemes and initiatives are
roundtables of sustainable production (e.g Roundtable of Responsible Soy (RTRS),
Roundtable of Sustainable Palm oil (RSPO), the Better Sugarcane Initiative (BSI),
and the Roundtable of Sustainable Biofuel Production (RSB)), the Renewable
Energy Directive (RED) commissioned by the European Commission, and the Global
Bioenergy Partnership (GBEP) which is a governmental initiative. Sustainability is
also increasingly incorporated in national policy frameworks, such as investor
guidelines and a draft policy for sustainable development of biofuels by Tanzania,
and an implemented governance framework for sustainable biofuels by
Mozambique (MEM 2008; MEM 2012; Republic of Mozambique 2012; Schut et al.
2014). Furthermore, the International Organization for Standardization (ISO) has
included environmental management (ISO 14000) and social responsibility (ISO
26000) in its standards and is now also working on an international 1SO biofuel
standard.

Sustainability certification schemes and initiatives are developed to assure the
sustainability of production systems in different sectors, but for socio economic
impacts of biofuels they are not yet fully operational, although certified bioenergy
production is required by e.g. the EU Renewable Energy Directive (2009/28/EC
2009). Furthermore, it appears that most of the sustainability certification schemes
for biofuels mainly focus on environmental principles, even though there are also
serious concerns about socio-economic impacts of bioenergy production activities
(van Dam et al. 2010b; German and Schoneveld 2012). The lack of studies that
include empirically examined (positive or negative) social impacts at the local level
is also acknowledged by Hodbod and Tomei (2013), and by van Dam et al. (2010b),
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Chapter 1

who indicated that certification should be combined with additional impact
measurements and methodological tools on a regional, national and international
level.

Another obstacle to ensuring the sustainability of biofuels is that data
requirements are often found to exceed the resources and capabilities for reliable
data collection in many developing countries from which biofuels are sourced (van
Dam et al. 2010b). Obtaining good quality field data is difficult due to cultural,
infrastructural and other barriers. In addition, some certification schemes are
designed primarily with western conditions in mind, which deviate substantially
from conditions in the rural areas of many developing countries, e.g. with respect
to farming systems, farm sizes, and land use and ownership laws (Romijn et al.
2013). The lack of reliable data is problematic because certification systems cannot
function effectively and efficiently without them (van Dam et al. 2010b).

In the next section the current state of the art knowledge on these issues will be
detailed, and the major areas in which further progress is still badly needed will be
outlined. This is the basis for the formulation of the research aims and questions of
this thesis in section 1.3.

1.2 State of the art and knowledge gaps

1.2.1 Determinants of socio-economic impacts of bioenergy projects

The consequences of bioenergy implementation depend on the technology used,
on the location, scales and pace of implementation, and on the business models
and practices that are adopted, including how these integrate with or displace the
existing land use (Chum et al. 2011). The specific location has a large impact
because this sets the natural conditions (climate, soil), as well as the socio-
economic setting such as employment, poverty and governance (van der Hilst et al.
2011). Furthermore the energy crop production system that is adopted has a large
impact. Besides the crop type that is used, this also entails the agricultural
management system that can encompass for example a certain level of inputs, a
mechanized or manual harvesting method and the (non) use of tillage (Dornburg et
al. 2010; Chum et al. 2011). The biofuel supply chains are also highly diverse and
are likely to become even more diverse as new technologies for feedstock supply,
conversion and use come onto the market (Woods and Diaz-Chavez 2007).
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There is a particular lack of studies assessing project sustainability in terms of socio-
economic impacts comprehensively (Hodbod and Tomei 2013). Comparisons
between different crops, especially for smallholders in developing countries, but
also between different business models, are scarce. The few studies that have been
done suggest major impact differences between for example plantations and
smallholder systems (ProForest Ltd. 2008; Achten et al. 2010; Brittaine and
Lutaladio 2010), which signals the importance of conducting further research on
these issues. In particular, the viability of energy crops for farmers in a smallholder
setting has received limited attention; hardly any field data is available and the
risks and opportunities for smallholders remain unclear (Bindraban et al. 2009;
Wiggins et al. 2011). Only a few studies, all focused on Mozambique, have
reviewed impacts by large plantations (Mota 2009; Peters 2009; Spoéttle et al.
2011), but these studies are not comparable to studies about smallholder systems,
since hardly any smallholder projects are operating there. Broadhurst's Tanzanian
study (2011) is a good attempt, but his study lacks an assessment of economic
viability. Furthermore, smallholders typically do not count family labour as an
opportunity cost, although this is a potentially crucial aspect in the evaluation of
the economic benefits.

Another problem encountered in studies that look at economic sustainability, is
that they focus on one specific continent (e.g Africa), or on one specific
management type (eg. smallholders) (Mulugetta 2009; Wiskerke et al. 2010), while
this does not take into account the large variety in sustainable biofuel production
options. One cannot generalise from these context-specific results, as production
conditions are heterogenous (Walter et al. 2011).

1.2.2 The effect of different geographical scales on socio-economic
impacts

Geographical scales apply to different levels; global (or international), national
(country level), regional (by administrative borders or ecological conditions) or local
(project or company level). Trends and developments on these different
geographical levels influence each other and also interact with each other which
creates a complex system for analyses (Van Eijck and Romijn 2008; Romijn and
Caniels 2011). Policy-induced market creation and subsidies for biofuel investment
for example in western countries became major drivers for expansion of Jatropha
activities in tropical countries, including in Tanzania starting form 2005 (Romijn and
Caniels 2011).
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On a global level, factors that are important for the bioenergy sector are the oil and
energy price, an increased environmental awareness and a global interest in
improving agriculture, mandatory blending requirements (by the EU and US),
financial instruments for subsidies, the view of western developed countries on
utilising biofuels to combat climate change and enhance energy security and
technological progress (Van Eijck and Romijn 2008; Romijn and Caniels 2011).
Furthermore, the global demand for biofuels is a driver for local impacts of
bioenergy projects and global commodity market prices affect the profitability of
bioenergy projects.

From various reports it can be concluded that the impacts of bioenergy production
systems, and their cost-effectiveness vary greatly from country to country and that
some practices and technologies are more sustainable than others (Van Dam 2009;
Smeets and Faaij 2010; Chum et al. 2011; Wicke 2011; Van der Hilst 2012). On a
national level the factors that can influence developments are; the level of
development, the degree of industrialization, political stability, and democracy,
policymaking and implementation capacity, whether or not specific biofuel policies
or investment protection treaties are in place, the level of economic liberalisation,
the availability and structure of the workforce, the infrastructure network
(including electricity), availability or scarcity of foreign exchange, and the structure
of the agricultural sector (whether or not there are smallholders, average farm
sizes, facilities for farmers such as micro credit programmes, or well-running
extension services) and land sector (transparency, customary rights etc.) (Van Eijck
and Romijn 2008; Romijn and Caniels 2011).

But even within one country, regional differences can be large. Consider for
example sugarcane-ethanol in the Central-South (CS) versus the North-East (NE)
regions of Brazil. While the production in the CS is well developed and continuously
improving in terms of efficiency and sustainability, the productivity achieved in the
NE is lower due to climate, terrain characteristics and lower technological levels.
There is still room for improvement in the production sector of the NE (Centro de
Gestdo e estudios estratégicos 2008). Well-developed regions attract more
investment and hence employment, such as Maputo and Sofala provinces in
Mozambique with good infrastructure and access to skilled labour (Schut et al.
2010a). Van Dam et al. (2009b) assessed regional impacts of soy and switchgrass
production for la Pampa province in Argentina. They found that the socio-economic
(and environmental) impact of the two bioenergy systems were different.
Switchgrass production on degraded grassland showed socio-economic and
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environmental benefits, but that was not the case for soybean production. Soybean
production only showed good overall sustainability performance, if it was produced
on abandoned cropland. Regions can also be inter-linked but it is hard to quantify
the impacts of one region on the economy of another. Regional trends are for
example migration of the rural population to urban areas. This can have impacts on
local or national scales for example on national unemployment rates but also on
local labour shortage.

On a local level the stakeholders are important, cultural traditions and technical
skills and or/knowledge gaps (Van Eijck and Romijn 2008). But also the local state
of infrastructure, available facilities and health and education services. Impacts on
a local scale can influence local communities in developing regions greatly. Projects
that increase access to energy can provide a kick-start in rural development
(Achten et al. 2010). But at the same time, the macro-economic impacts of these
projects may be small. Van Dam et al. (van Dam et al. 2010b), already indicated
that multiple spatial scales should be considered, and that indicators on a micro,
meso and macro level should be linked. Many linkages between the different scales
have remained unclear so far.

Bioenergy systems can be implemented on different (production) scales; on
micro/community/small, medium or large scale scale (Asselbergs et al. 2006;
Martin et al. 2009). The impacts from projects on these different production scales
will obviously be different, and linkages are possible. National bioenergy
programmes for example are typically implemented on a large scale, although they
can target small scale projects such as in India where they target small scale
producers. A bioenergy system that generates electricity for a village is a typical
small scale project, but these can be influenced by global trends such as oil prices.

1.2.3 Quantification of socio-economic impacts

More than one hundred social, economic and environmental impact indicators
were already identified by Lewandowski and Faaij (2006), and around 67 different
sustainability certification initiatives relevant for bioenergy were identified by Van
Dam et al. (2010b). Vissers et al. (2011) furthermore compared 18 certification
schemes that are suitable for biofuels for energy purposes. The proliferation of
indicators and schemes has caused a serious lack of coherence and consensus
among the different certification schemes and how they attempt to measure
sustainability impacts (Vissers et al. 2011). There is a need for a further
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harmonization of the various certification schemes and agreement about indicators
to come to a more uniform way of certifying bioenergy systems (Janssen and Rutz
2011; van Dam and Junginger 2011). Also, criteria and indicators may sometimes be
too general, vague and leave room for different interpretations (Lewandowski and
Faaij 2006; Diaz-Chavez et al. 2013). Recently, some certification schemes have
been developed that also include socio-economic aspects. But even within socio-
economic indicators, more subjective social well-being indicators that for example
point out the level happiness or trust, are often not included (van Dam et al. 2010b;
Rojas 2011). Therefore, further methodological development focusing on
quantification and monitoring of the socio-economic impacts (e.g. social well-being
of a community) is required (van Dam et al. 2010b).

There is also a need to develop concrete and verified methodologies, to measure
impacts of biofuel production under specific circumstances, such as for a specific
region (Smeets et al. 2008). Examples of studies quantifying the macro-economic
impacts of bioenergy production are those by Arndt et al. (2009) and Wicke et al.
(2009), who respectively use a CGE analysis on Mozambique and an input/output
analysis on Argentina, but this was done on a national scale. And there are also
global modeling efforts with CGE-models that use global databases such as GTAP
(Dandres et al. 2012).

However, the applicability of such methodologies in developing countries, where
existing (reliable) data is often lacking, and severe constraints often exist on the
gathering of field data, is more difficult than in developed countries. One obstacle
is that big plantations are wary to share key financial performance data. To date,
many studies also have not used systematic qualitative and quantitative socio-
economic impact indicators (Diaz-Chavez et al. 2012).

1.3 Aim and thesis outline

Based on the knowledge gaps identified in existing literature, the main aim of this
thesis is to contribute to an improved analysis and measurement of socio-economic
impacts of biofuels in developing countries. Under this overarching objective is
subsumed an analysis of how these impacts relate to scale, type of biomass, and
the contextual setting, and the identification of production systems with the most
positive and least negative socio-economic sustainability impacts. Therefore, the
following research questions are addressed:
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I What are the most important determinants of the socio-economic impacts
of bioenergy systems (production chains) in developing countries?
Il What is the importance of different scales (local, regional, national, global)
on these impacts?
Il. What methodologies and tools can be developed to measure these socio-
economic impacts?

The research questions are addressed in chapter 2 through 7. Table 1-2 presents an
overview of the chapters and the research questions addressed in them.

Table 1-2: Overview matrix of the thesis chapters and the research questions addressed in them.

Chapter Research
questions
| Il ]
2 The economic performance of Jatropha, cassava and Eucalyptus v | ve
production systems for energy in an East African smallholder setting
3 Comparative analysis of key socio-economic and environmental v vP v

impacts of smallholder and plantation based jatropha biofuel
production systems in Tanzania

4 Current and future economic performance of first and second v | v
generation biofuels in developing countries

5 Global experience with jatropha cultivation for bioenergy: an v v
assessment of socioeconomic and environmental aspects

6 Analysis of socio-economic impacts of sustainable sugarcane- ve v

ethanol production by means of inter-regional input-output analysis:
demonstrated for Northeast Brazil

7 Identification and analysis of socio economic indicators; illustrated vf v
by bioenergy systems in eight case study countries

. b . d .

*: Regional and local scale, °: Local scale, : Global and regional scale, °: Global and local scale, °: Regional
f .

scale, : Global, regional and local scale

Chapter 2 addresses research questions | and Il by compiling the necessary data
and by analyzing the economic viability of three existing energy crop production
systems that are grown by smallholders and that are feasible in SSA under marginal
conditions (from a farmers’s perspective). Specific attention will be given to the
opportunity costs of labour.

Chapter 3 addresses research question I, Il and lll by conducting a detailed
comparative assessment of the major socio-economic and environmental (local)
impacts caused by two major different jatropha business models, using two
projects operating in Tanzania as case studies: a large centralized plantation and a
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smallholder (hedge) system organized around a central processor. In order to
create a comprehensive and yet practically applicable list of sustainability
indicators, “seven key areas of concern” are identified that are mentioned by
different sustainability certification initiatives. For each of these, qualitative and -
as much as possible - quantitative impact indicators will be formulated.

Chapter 4 addresses research question | and Il by analyzing the economic
performance of biofuels produced in developing countries, taking large variations
between crops and countries into account. The variations that are considered are;
fuel output, timeframe, feedstock input, geographical scope and the cultivation
management system that lead to 74 different settings.

Chapter 5 addresses research question | and Il by providing a comprehensive
overview of recent literature based on information from ongoing and discontinued
jatropha projects around the world, and by analyzing the lessons learned so far to
identify knowledge gaps by evaluating and screening against generally agreed
socioeconomic and environmental sustainability criteria.

Chapter 6 addresses research question Il and lll, and aims to demonstrate a
methodology (input-output analysis) that quantifies key socio-economic impacts of
a new bioenergy activity for a specific region in a country; the production of
bioethanol in the North East of Brazil. The particular socio-economic impacts
considered are the impact on GDP, imports and employment. An inter-regional
approach is employed to be able to study the impacts in different regions. By using
a bottom-up approach, scenarios with projections for 2020 have been drawn, that
include not only traditional producing areas of the NE but also potential areas in
which sugarcane production in the NE can be expanded. 10 analysis allows
assessing the economic linkages within the different provinces of the NE as well as
studying the dependences of the studied region on the other Brazilian regions.
Furthermore, it is possible to assess the different regional contributions to the total
impact generated on the national economy.

Chapter 7 addresses research question Il and Ill by reviewing and analysing how
the impact of bioenergy projects from various feedstocks and in different
geographic locations can be measured. This chapter aims to: 1) compile a broad
inventory of potential socio-economic impacts and 2) identify current options and
indicators to measure those socio-economic impacts. Furthermore, to 3) apply
these to case studies covering different countries and feedstocks and 4) select,
apply and evaluate indicators. This will lead to 5) a set of indicators that can be
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used to assess socio-economic sustainability on different levels: national-, regional-
and local level (company or project).

Chapter 8 summarizes and evaluates the findings from chapter 2 to 7, provides
answers to the research questions and gives recommendations for policy makers,
investors, and for further research.
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2 The economic performance of jatropha, cassava and
Eucalyptus production systems for energy in an East
African smallholder setting

JANSKE VAN EIJCK, EDWARD SMEETS and ANDRE FAAIJ
GCB Bioenergy (2012) 4, 828-845"
Abstract

This study evaluates the potential economic feasibility of three smallholder energy
crop production systems (jatropha, cassava and eucalyptus) under typical semi-arid
conditions in Eastern Africa. This feasibility is determined by assessing net present
values (NPV), internal rates of return (IRR), benefit-cost ratios (BCR) and payback
periods (PBP). In addition, the production costs are compared to the costs of
reference energy systems, petrol, diesel and pellets. Low and intermediate input
systems are considered and specific attention is paid to the opportunity cost of
labour, by considering both family labour (no labour costs) and hired labour. The
results show that all family labour settings have positive NPVs and high IRR and BCR
values. Moreover, cassava has the highest family labour NPV (2900-5800 USS$ ha™)
and the shortest PBP, but the required investment costs are high in comparision
with the other crops. If hired labour is used, the NPV of eucalyptus is highest (380-
1400 $ha™), and it is also the least sensitive to changes in wages and yields.
Jatropha performs best only for the indicator IRR and only with family labour or low
labour opportunity costs. The analysis and comparison of bioenergy production
costs shows that eucalyptus pellets (2.6-3.1 $GJ™7) are competitive compared with
reference pellets at current market prices (5 $GJ7). Jatropha SVO (19 $GJ™) and
cassava ethanol (19-36 $GJ™) are only competitive with fossil diesel (21 $GJ™) and
petrol (25 $GJ™) in a family labour setting. At current values jatropha biodiesel (24-
37 $GJ™Y) is not competitive. The economic performance is sensitive to variations in
crop yields and yield data are highly uncertain. However, this study demonstrates
that there is considerable potential for increasing the economic performance by
further improvements in yield, harvesting efficiency and conversion efficiency as
well as reductions in transport and packaging costs.

! This chapter is based on a research project funded by GEF, UNEP/FAO/UNIDO
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2.1 Introduction

The production of biomass for energy generation can contribute not only to climate
change mitigation and energy security, but also to rural development and
employment generation (Faaij and Domac 2006). Several studies have indicated
that the production of crops for energy production has the potential to contribute
up to one-third of the global energy supply in the year 2050 (Smeets et al. 2007;
Van Vuuren et al. 2009; Dornburg et al. 2010). Bioenergy is an interesting option
for Sub-Saharan Africa (SSA), because of the widespread poverty in this region and
the benefits that bioenergy production offers for development, especially in rural
areas, which hold more than 60% of the population (UNCHS 2001). Other reasons
to choose bioenergy are poor access to energy and vulnerability to climate change
of agricultural production systems and natural vegetation in parts of SSA.
Moreover, SSA is frequently mentioned as a region with a large potential for
bioenergy production (Marrison and Larson 1996; Hoogwijk et al. 2005; Smeets et
al. 2007).

This great technical potential originates partially from the large areas of agricultural
land that are currently producing much less than what is agro-ecologically feasible.
The low productivity is caused by the traditional, low input farming systems, in
which no or low amounts of fertilizers and pesticides are applied, and no or limited
use is made of improved crop varieties and agricultural machinery (Mwangi 1996;
IAC 2004). Furthermore, large areas of (partially) suitable land in SSA are currently
not used for agriculture and not under forest, shrub and herbaceous cover.
Moreover, SSA includes vast arid and semiarid areas (Wicke et al. 2011). According
to this study, these areas, in eight SSA countries, have a potential of 300 PJ yr'1 for
cassava ethanol, 600 PJ yr for jatropha biodiesel and up to 4000 PJ yr™ for fuel
wood. There are billions of smallholder farmers who could benefit from additional
income from energy crops. However, the production and use of bioenergy does not
necessarily contribute to sustainable development. Its socio-economic and
environmental impact depends on several factors, including the natural conditions
(climate, soil), the socio-economic setting (employment, poverty, governance) and
especially the energy crop production system used (crop type, low vs. intermediate
or high input) (Dornburg et al. 2010; Schut et al. 2010a).

Currently, two cultivation systems are receiving much attention, namely large scale
plantations and decentralized production by smallholders. Large scale operations
are characterized by the use of large areas of land and advanced crop management
techniques in combination with hired labour. These large scale energy crop
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production systems are often associated with negative social and environmental
developments. For example, several large scale (mono-culture) initiatives with
jatropha were found to have a potentially negative impact on biodiversity,
hydrological balance and ecosystem functions compared to smaller scale initiatives
(Gordon-Maclean et al. 2008; Achten et al. 2010). Decentralized energy crop
production by smallholders in SSA takes place by cultivation on family owned and
family operated farms that are typically semi-subsistence and semi-commercial.
The energy crop is sold to a company that processes the biomass into intermediate
or final energy carriers. Typically, smallholder production systems have lower yields
than large scale energy crop production systems. Smallholder production systems
have some advantages: the production of energy crops can provide an additional
source of income for the smallholders and sometimes the byproducts can also be
used, e.g. as energy, food or fodder (Achten et al. 2007; Achten et al. 2010).

Several studies have evaluated the potential and economics of different energy
crop production systems in SSA, including jatropha oil and woody crops by
Wiskerke et al. (2010) and biodiesel from palm, castor and jatropha by Mulugetta
(2009). However, the viability of energy crops for farmers in a smallholder setting
has received limited attention; hardly any data is available and the risks and
opportunities for smallholders remain unclear (Bindraban et al. 2009; Wiggins et al.
2011). Furthermore, typically, smallholders do not count family labour as an
opportunity cost, although this is a potentially crucial aspect in the evaluation of
the economic benefits.

Given the limited available data, the objective of this study is to compile the
necessary data and to analyze the economic viability of three existing energy crop
production systems that are grown by smallholders and that are feasible in SSA
under marginal conditions. Specific attention will be given to the opportunity costs
of labour. Smallholders are a heterogeneous group, and they use different
agricultural practices (Tittonell et al. 2010). To account for this diversity, this study
examines low and intermediate input crop production systems. Within SSA, East
Africa has been chosen as the focus region and Tanzania as the focus country
because a great deal of information has been derived from this region and this
country (although data from several sources had to be combined); moreover, the
region is relatively homogeneous regarding the organizational structure of
smallholders. For specific sites in this region, climate conditions can differ, still, the
yield is very often related to management practices and soil fertility (Fermont et al.
2009). Management practices and related yields are compared to identify the
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conditions under which these crop systems can be profitable. Three energy crops
have been selected that are currently being grown in East Africa on semiarid land:
jatropha (Jatropha curcas Linnaeus), cassava (Manihot esculenta Crantz) and
eucalyptus (Eucalyptus grandis/camaldulensis). The next section explains the
methodology and includes an overview of the input data used per crop production
system. The results and sensitivity analyses are presented in the Results section,
followed by discussion and finally, Conclusions.

2.2 Methods

The feedstock cost analysis includes the production of the feedstock up to the farm
gate, i.e. including harvesting and postharvest processing, if necessary. The input
data used in the calculations are presented at the end of this section. First, the
variables are further explained.

2.2.1 Brief description of the systems

This study includes smallholder production systems in semiarid areas, which are
commonly found in East Africa. The typical size of a smallholder plot is 0.5-2.0 ha
(Mitchell 2008a). For jatropha, cassava and eucalyptus, the input data have been
presented separately. Jatropha and eucalyptus are perennial crops, whereas
cassava is an annual crop. For all crops, the same system length has been taken,
namely 24 years. For jatropha the seeds are harvested from year 2 to 24, cassava is
harvested annually (in the low input system the yields decline), and eucalyptus has
three coppices (years 7, 15 and 23) with a total lifetime of 24 years. For both the
low and intermediate input systems, minimal mechanized input is assumed. For
example, only manual labour and hand tools, typical of smallholders in arid and
semiarid regions, have been assumed (Tigere et al. 2006).

2.2.2 Data sources

The input data for this analysis has been derived from scientific literature, reports
and field studies. If available, the under-lying assumptions of the field and
literature data have been included. Ranges in data are discussed and used as input
for the sensitivity analyses. In a few cases, for example the conversion costs for
cassava ethanol, no data was found from either East or Sub-Saharan Africa;
therefore, relevant data from other countries was used, such as ethanol conversion
costs in Thailand or China’.

? Exchange rates that were used are $- MZM: 25.3, $-TZS: 1100, $-KES: 78.1; all $ are US, indexation is
not considered as most data is derived from 2008 and 2009.
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2.2.3 Variables

In this study, two variables in the crop production system are examined in detail:

1. The level of input. The level of input refers to the use of agrochemicals
(pesticides, herbicides), fertilizers and other management practices like
pruning and weeding. In low input systems no agro-chemicals, synthetic
fertilizers or manure are used and no pruning takes place. This system is
common practice in smallholder agricultural systems (Loos 2008; Mitchell
2008a; Fermont et al. 2009). In intermediate input systems, limited use is
made of agro-chemicals, synthetic fertilizers or manure and weeding and
pruning take place. Irrigation is not applied in any of these systems for
practical, economic and environmental reasons. The labour requirements
are described per crop together with the level of input as well as related
yields.

2. The type of labour. Two types of labour are considered, family labour and
hired labour. In most smallholder communities, family labour is used,
which is typically not accounted for (Loos 2008; GTZ 2009b). This study
considers the opportunity costs, i.e. the money people could earn if they
were working elsewhere. These costs are considered by assuming that the
cost of family labour is zero and that hired labour has an opportunity cost
of 2 $ day™. In reality this may not always be the case since the
employment availability in rural areas may also be lower than labour
availability. Furthermore, the opportunity cost of family labour does not
have to be zero.

2.2.4 Economic analyses

The economics have been analyzed by means of a cost-benefit analysis (CBA),
followed by a sensitivity analysis and a comparison of the costs of bioenergy and
reference energy carriers.

2.2.4.1 Cost-benefit analysis (CBA)

A CBA will be used to assess the financial feasibility from the investors’ point of
view. The three crop systems vary in the investment requirement, their total
revenue and the time frame of these revenues; therefore, several indicators are
required to arrive at a fair and objective comparison between these systems and to
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draw a comprehensive picture. The following common indicators are used for this
purpose:

e Net Present Value (NPV).

e Internal Rate of Return (IRR).
e Benefit-Cost Ratio (BCR).

e  Payback Period (PBP).

NPV

The NPV shows the total amount of surplus (profit) or loss that the project is
expected to generate over its lifetime. The NPV has frequently been used in the
assessment of the viability of bioenergy production, e.g. by Wiskerke et al. (2010)
and van der Hilst et al. (2010). A positive NPV indicates a profit: the expected net
cash inflows over the total project lifetime are higher than the cost of financing the
project. A negative NPV indicates a loss and the break-even point is reached when
the NPV is zero. The NPV is calculated using the equation below (1). The input data
are presented at the end of this section.

Equation 2-1

NPV = i—B‘ —C
o (A+r1)

NPV Net Present Value [$]

B, benefits in year i [S]

cost in yeari[$]

discount rate [%]

lifetime of project [years]

S S0

The lifetime of the project (n) is 24 years for every crop; this means 24 rotations for
cassava.

IRR

The IRR shows the rate of profitability. The NPV (see Equation 1) is set to zero while
the discount rate is the variable. This determines a rate of interest, which can be
compared to the cost of capital. An IRR higher than the cost of capital (e.g. the real
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discount rate) indicates potential profitability and is the equivalent to an NPV > 0.
There should be a good margin between the IRR and the cost of capital to allow for
unexpected project risks, especially for smallholders (Van Eijck et al. 2010). Due to
mathematical rules, it is only possible to calculate an IRR for longer time series that
start with a negative cash flow in the first year, therefore, the BCR is used
additionally.

BCR

The BCR is the ratio of the sum of all discounted cash inflows and all discounted
cash outflows. A BCR lower than 1 implies a loss, while a BCR higher than 1
indicates a profit.

PBP

The PBP refers to the number of years needed to recover the initial project
investment. The total discounted investment shows the sum of the discounted
costs over the total project lifetime. A sensitivity analysis is carried out in which the
impact of wage rate, yield and value of the product (price) are examined using
realistic ranges. Furthermore, an analysis is made of the impact of land cost and
packing expenses on the NPV. The ranges that are used are discussed at the end of
this section. In addition, for jatropha the harvest ratio is varied and for eucalyptus a
postharvest activity is added. This is discussed in greater detail in the Results
section.

2.2.4.2 Comparison of the costs of bioenergy systems and reference
energy systems

The costs of jatropha straight vegetable oil (SVO) and biodiesel, cassava ethanol
and eucalyptus pellets are compared to the costs of reference energy systems that
the bioenergy systems can substitute. Reference energy systems are diesel and
petrol from fossil oil and pellets produced from conventional biomass sources. The
cost of feedstock production is calculated using Equation 2, which takes into
account the unequal distribution of costs and benefits over time. This method has
been demonstrated by e.g. van den Broek et al. (2000a; 2000b) and van der Hilst et
al. (2010); it converts physical units (yield) into annuities. This may seem
uncommon, but it is legitimate as the yield represents a monetary value. Data on
the cost of transport, conversion and distribution are combined with the cost of
feedstock production to estimate the total cost. The cost of ethanol, SVO and
biodiesel is compared based on the prices at the port in East Africa.
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Equation 2-2
't n o f.(
X (ecc, ¥ ——1)
i=1  'y=1@0+n?Y
C=
0 g
yld ¥ ———
y=1@1+r)Y
C Cost of biomass [$ kg™” or $ t* or $ m™)
I number of cost items with different time pattern
ecc; cost of energy crop cost item [$ ha'l]
n number of years of plantation lifetime [dimensionless]
fi(y) number of times that cost item i is applied in year y [dimensionless]
r discount rate [dimensionless]

yld yield of the energy crop [kg ha™ yr'1 ortha™ yr'1 orm’ha™ yr'l]
fualy)  binary number, harvest (1) or not (0) in year y [dimensionless]

2.3 Input data

A detailed discussion of input data is presented for all three bioenergy systems. The
cost of land, wages and discount rates are equal for the three crops and are
discussed first.

Data on land costs vary from 0.6 to 34 $ ha™ yr™* (Batidzirai et al. 2006; Wiskerke et
al. 2010), therefore, an average of 20 $ ha™ yr" is used for all e crops as default
value. Wages for low skilled employees vary per country, e.g. the minimum wage in
Mozambique for the agricultural sector is 2.4 $ day™ (Investment Promotion Center
2009), whereas observed agricultural wages are around 1.9 $ day'1 in Tanzania and
2 $ day™ in Kenya (Messemaker 2008; GTZ 2009b). As a result, an average wage of
2S day'1 has been used as default value. Bryceson (1999) indicated that in rural
areas salaries are sometimes lower than the minimum wage. Hoogwijk et al. (2009)
used a minimum wage of 0.80 $ day'1 in East Africa, which is used as the lower limit
in the sensitivity analysis. Furthermore, a 100% increase in wages is taken as the
upper limit; this makes the range used in the sensitivity analysis 0.80-4.0 $ day
!(see Results section). Hoogwijk et al. (2009) indicated that wages could be as high
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as 17 $ day'1 in Southern Africa. This is discussed in greater detail in the Discussion
section.

In the analysis, the discount rate of Tanzania is used. As a rule, the real discount
rate (r) is calculated by taking the long term lending rate in Tanzania in 2008 of
16.4% plus 1 (is 1.16) divided by the 2008 inflation rate of 10.3% in 2008 plus 1 (is
1.10), see Equation 3. This would equal 5.5% (Bank of Tanzania 2010).

Equation 2-3
(24D ) 01000
1+ p)

r=real discount rate [%]
i = nominal interest rate [number]
p=annual inflation rate [number]

However, inflation was much lower in the years before 2008; for example, in 2006
and 2007 it was 7.3% and 7.0%, respectively. Therefore, the average discount
factor of the years 2003-2008: 8.7%, 8.5%, 9.0%, 7.6%, 9.1% and 6.4% respectively,
has been used, which is 8.2% (Bank of Tanzania 2010).

2.3.1 Jatropha

2.3.1.1 Crop management

Jatropha is a perennial shrub or tree that originates from Latin America, but which
has been grown in SSA for centuries (Brittaine and Lutaladio 2010). The plant
requires relatively little management and starts to produce seeds in year 2,
depending on soil and climate conditions. Full productivity is only realized in year 8
under marginal conditions (Van Eijck and Romijn 2008). Jatropha can be productive
for over 30-50 years. However, for the CBA in this study, a lifetime of 24 years is
assumed, which is a more reasonable economic project lifetime and also enables a
fair comparison with the other crops (Achten et al. 2008; Van Eijck and Romijn
2008; Brittaine and Lutaladio 2010). The labour requirements for jatropha
cultivation are presented in Table 2. The main cultivation practices are described in
Appendix A.
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2.3.1.2 VYield

There is a great variability in jatropha yields (Achten et al. 2008), because of
differences in climate and soil characteristics and the crop management system.
Systematic yield monitoring for jatropha started only recently, so there are still
considerable uncertainties about the long term yields. Jongschaap et al. (2007)
(2007) projected a maximum of 7.8 t ha™ yr'1 for mature stands with a range of 1.5-
7.8 t ha’ yr' and also mentioned observed yields (often for 1-2 year-old
plantations) ranging from 0.6 to 4.0 t ha™ yr'l. Other sources mention an even
larger range of 0.5-12 t ha™ yr'' (Francis et al. 2005). Heller (1996) and Tewari
(2007) mentioned 2.0-3.0 t ha™ yr'1 as a good range for semiarid wastelands. Table
2-1 shows the yields for jatropha used in our calculations. The data for years 1-5
were taken from a field study with 143 observations in Kenya (GTZ 2009b). This
study differentiates between fences, intercropping and monoculture. For the low
input system, the observed yields for ‘fences’ are used for years 0-4, since no
inputs are assumed. For years 5-7, an estimate has been made for each year with a
maximum yield in year 7 and beyond. For the intermediate input system, the
average observed yield in years 1-5 of the monoculture crop system mentioned in
the study has been taken. Note that it is not known why year 3 shows a lower yield
than years 2 and 4. The yield for years 5-7 have been based on our own
estimations, using a similar yield increase as in years 0-5. These yields are relatively
conservative, average observed yields by Loos (2008) in Tanzania were higher: 0.3,
2.3 and 358.6 kg ha™ yr'1 for the first three years, respectively (see also the
sensitivity analysis which uses a range of 0.6-5 t ha™ yr™).

Table 2-1: Yields for jatropha seeds (dry) used in calculations (kg ha™ yr™)

Year Low input Intermediate
system® input systemb
0 0 0
1 3 6
2 58 136
3 94 101
4 160 685
5 856 1280
6 950 1650
7 1100 1980
8+ 1100 1980

% For years 0-5, the observed yield for ‘fences’ is used (GTZ 2009b), the yield increase for the years 5-7 is
based on an S-curve (yield increase is highest in the middle years) as observed in Mozambique by (de
Jongh and Nielsen 2011).

®. For years 0-5, the observed yield for ‘monoculture’ is used (GTZ 2009b), except for year 4 where the
observed yield for ‘intercrop’ is used due to an extremely low yield observation for monoculture (26 kg
ha™), the yield increase for the years 5-7 is based on an S-curve as observed in Mozambique by (de
Jongh and Nielsen 2011).
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2.3.1.3 Labour

Table 2-2 shows the labour requirement for the two systems. Data on labour
requirements for jatropha cultivation have mostly been taken from Loos (2008),
who collected data from 131 jatropha smallholders in Tanzania.

Table 2-2: Labour requirements for jatropha for a low and intermediate input system (days ha™ yr™).

Plantation year—> 0 1 2 3 4 5 6 7 8-23
Taskd,

Low input system

Field preparation® 32

Planting’ 28

Weed control® 31 131 31 16

Harvesting* 0 0 1 2 4 21 24 28 28

o
N
N
w
w

Post harvest activities® 0 0 0 0
TOTAL 91 31 32 18 4 23 26 31 31
Intermediate input system

Field preparation® 32

Planting’ 28

Weed control® 31 31 31 16

Pruning® 0 11 11 11 11 11 11 11 11
Fertilization® 9 6 7 7 7 7 7 7 7
Pest and disease control" 7 12 9 9 9 9 9 9 1
Harvesting* 0 0 3 3 17 32 41 50 50
Post harvest activities® 0 0 0 0 2 3 4 5 5

TOTAL ;| 107 60 62 45 46 62 72 82 74

? Loos (2008).

® For year 3, half of the number of days of years 0 to 2 as reported by Loos (2008) have been assumed.
€40 kg seeds person™ day™ is assumed (FACT Foundation 2010).

? Post harvest activities (dehulling) are assumed to require 10% of the labour demand for harvesting.

€ Average of days reported by Loos (2008) for years 0 to 3. For year 3 to year 23, it is assumed that the
same number of days as in year 3 are needed per year.

€ Loos (2008) for years 0 to 3. For year 3 to year 23 it is assumed that the same number of days as in year
3 are needed per year.

" Loos (2008): for years 4 to 8 the number of days is assumed to be equal to year 3. After year 8 it is
assumed that only 10% of this time is required.

These data are in line with the results of Jongschaap et al. (2007) citing (Sharma
and Sarraf 2007). They estimated the labour requirement at 70 days ha™ yr™ from
year 6 onwards. Francis et al. (2005) mention 200 days'1 ha™ for the first year and
50 days ha™ yr™ for the following years.

The harvest efficiency depends on the density of plants and on the yield.
Measurements from 12 jatropha crop systems show that the average is 20-30 kg
person” day™ (seeds) for wild jatropha and 50-60 kg person™ day™ (seeds) for well-
managed plantations (FACT Foundation 2010). An average of 40 kg person'1 day'1 is
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used for both the low and intermediate input systems and this has been varied in
the sensitivity analysis (30-50 kg person™ day™).

2.3.1.4 Land, fertilizers and other input
The price of fertilizers and other types of input are shown in Table 2-3.

Table 2-3: Input and costs required for the cultivation of jatropha (excluding land and labour)

Value Unit Number of units per 24 Total costs
years per 24 years
($ ha?)
Low Intermediate
input input system
Input required for tasks system
Field preparation (hoes 10 10
and machetes)’ $hat 1 1
Planting material (seeds) b 1 kg ha™ 1 1 0
Tools for weed control® 6 S ha yr'1 4 4 24
Tools for pruning 10 0-30
(machetes)" $ piece™ - 3
Fertiliser (manure) of 11 $hat yr'1 - 24 0-264
20 $ ha™yr years 0-8 - 9 0-210

Pesticides | 2 $ha” yr'1 years 9-23 - 15
Packaging material (60 kg 0.45 145-305
bags) $ piece™ 322 677

? (GTZ 2009b).

® At no cost, Loos (2008).

(GTZ 2009b).

d (GTZ 2009b), the lifetime of these tools is assumed to be 10 years.

¢ Average of Loos (2008), 16 $ yr”, and (GTZ 2009b) 6.3 $ yr™.

fAverage of Loos (2008), 15 $ yr'l, and (GTZ 2009b) 26 $ yr'l. After year 8, only 10% of this amount is
assumed.

Depending on the year, the total cost of input excluding labour is between 25 and
36 $ ha' yr' for the low input system and between 49 and 68 $ ha™ yr™ for the
intermediate input system.

2.3.1.5 Value and price of jatropha seed

The prices paid for jatropha seeds in Tanzania in 2007-2009 range from 0.14 to 0.18
$ kg (Loos 2008; Mitchell 2008a). In Mozambique, Nielsen & de Jongh (2009)
observed 0.09 $ kg, whereas in Kenya the study by GTZ (2009b) mentions a range
of 0.12-0.18 $ kg ! for the production of SVO. Prices of seeds for the production of
soap can be higher, but the market is small (Wiskerke et al. 2010). Prices for seeds
for planting were as high as 9 $ k,g'1 in Kenya, but these values are unrealistically
high for mature jatropha seed markets, because this was because of a temporary
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rush on jatropha planting seeds (GTZ 2009b; Van Eijck 2009). The default value is
0.14 $ kg™ while in the sensitivity analysis a range of 0.09-0.20 $ kg™ is used.

2.3.1.6 Production of straight vegetable oil and biodiesel, and a
comparison with conventional diesel

Approximately four kg of seeds are needed for the production of one litre of SVO or

biodiesel (Achten et al. 2008). Transport, conversion and distribution costs are

shown in Table 2-4. More background data is provided in Appendix B.

Table 2-4: Cost of jatropha SVO production and transesterification (excluding feedstock), $ I SVO or
biodiesel (based on prices in Tanzania in 2008)

Inputs required for process steps St $GJ°

Transport seeds to refinery” 0.25 7.03

Seedpress conversion to svo® 0.20 5.52
Subtotal SVO processing 0.45

Transesterification

Depreciation equipment per litre SVO° 0.02
Cost of electricity consumptiond 0.001
Cost of methanol for biodiesel production (200ml added 1)° 0.19
Water needed for productionf 0.01
Cost of caustic soda for production (4gr per I)® 0.01
Labour” 0.05

Subtotal transesterification 0.28 7.39

Distribution of SVO or biodiesel’ 0.01 0.19

Total biodiesel processing (excl. feedstock costs) 0.74 20.14

?70% of cost of transport and wholesale dealers margin in Tanzania (Van Eijck 2009)

b (Openshaw 2000)

¢ Cost of equipment is 6,450 $ for a 300 | batch processor, capacity 396,000 | lifetime™ (2 batches per
day, 300 days yr'l, lifetime 3 years).

?1.65 kWh batch™, 0.14 $ kWh™, 220 | batch™.

€ Price of methanol: 0.96 $ I'l, 20mlIsvo™ required.

fWater requirement per batch: 20, price: 0.31 S m>.

€ Price of caustic soda: 0.65 $ kg™, 4 gr | SVO™ required.

" 4 hr batch™, 1 hour chemical expert (5.10 $ hr™) and 3 hours low skilled labour (1.88 $ hr™).

" Assumed to be similar to distribution of cassava ethanol, (Nguyen et al. 2008).

In 2008, the CIF (Cost Insurance and Freight) price of diesel at the port in Dar es
Salaam, our reference system, was 0.80 $ L? (Citizen 2008; EWURA 2009). For more
information, see Appendix B, Table 2B-12. Based on the CIF price in Dar es Salaam
in 2008, minus transport, conversion and distribution, one litre of jatropha SVO
could cost 0.34 $ L™ or 0.09 $ kg seeds, thus remaining at a competitive price,
assuming a similar energy content. This is a very low price and is in fact below
current market prices for seeds. As the fossil fuel reference price might change in
the future, a price of 0.20 $ kg'1 seeds is used as the upper range in the sensitivity
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analysis. The diesel consumption in Tanzania in 2004 was 650 000 tons (GTZ 2005)
and almost 1 M ton in 2010 (EWURA 2010). All in all, this means that there could be
a substantial market for SVO.

2.3.2 Cassava

2.3.2.1 Crop cultivation

Cassava (Manihot esculenta Crantz) is an annual bulb shrub that originates from
Latin America, but which has been cultivated in Africa for centuries. Cassava is an
important food crop in Africa, where 80 Mha are grown in 34 countries (Infonet
Biovision, 2009). Cassava is known for its easy management system (FAO and IFAD
2005). It is tolerant to low soil fertility conditions and is drought resistant (Tshiunza
1996; Nguyen et al. 2008; Elbersen and Oyen 2009a). Intercropping with other
crops is common (Ayoola & Agboola, 2004). The labour requirements are presented
in Table 2-5. The main cultivation characteristics are listed in Appendix A.

2.3.2.2 VYield

The average yield for East Africa in the years 2000-2008 is 8.6 t ha™* yr™, based on
FAOSTAT data (FAOSTAT 2009). There are great differences between different
countries; for example, the average for 2008 was 4.3 and 19.1 t ha™ in Zimbabwe
and Malawi, respectively (FAOSTAT 2009). Current farmer management practices
lead to cassava yields in Kenya and Uganda that range from 6.1 to 11.7 t ha™ yr'1
(Fermont et al. 2009). These data are derived from on farm trials (108) and
interviews in Kenya and Uganda. A similar range of 5-12 t ha™ yr™ is also mentioned
in a study by FAO and IFAD (2005) on traditional cultivation techniques and it also
relates well to the average yield in 2007 in Mozambique 7.4 t ha™* (zvinavashe et al.
2011). For the low input system 6.1 t ha™ yr™" has been used whereas 11.7 t ha™ yr"
has been used for the intermediate input system. Annual cropping systems affect
soil erosion more than perennials (such as jatropha and eucalyptus), therefore, in
the low input setting a reduction has been included in the yield over time.
According to a UNEP report, soil erosion contributes 2-40% to yield reduction in
Africa (Nellemann et al. 2009). A conservative 2% yearly reduction of yield from
year 4 onwards has been included in the low input setting. In the intermediate
input system, the yield level has been maintained throughout the system lifetime
of 24 years. With high yielding varieties, yields of 40-60 t ha™ yr" can be obtained
(FAO and IFAD 2005). In addition, Fermont et al. (2009) indicate that yields could
increase to 10 t ha™ yr™* with improved agricultural practices, and to 14 and 20 t ha”
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! yr'1 when improved genotypes and improved fertilizers are used. See also the

sensitivity analysis, where a range of 4-20 t ha™ yr' is considered.

2.3.2.3 Labour

Table 2-5 shows the labour requirements for establishing and cultivating cassava.
The data is derived from Tshiunza (1996), who collected detailed data from 2704
cassava fields in six African countries. No data was available for fertilizing, and pest
and disease control, the labour demand was assumed to be the same as required
for jatropha.

Table 2-5: Annual labour requirements for cassava for a low and intermediate input system (days ha™
-1)
yr

Plantation year - 1
Task,
Low input system
Field preparation 30
Planting 29
Weed control 31
Harvesting 52°
TOTAL 142
Intermediate input system
Field preparation 30
Planting 29
Weed control 31
Fertilization 7
Pest and disease control 9
Harvesting 100
TOTAL 206

Source: (Tshiunza 1996) and jatropha data (see Section 2.3.1.3)
®: This is the labour requirement for the first year; in the subsequent years the harvest efficiency is 117
kg day™, so the labour requirements change with the yield levels.

Other data sources compare well with these figures. Literature values range from
173 to 222 days ha™' yr* (Nweke et al. 2001). However, in Thailand, Nguyen et al.
(2008) used a lower labour intensity: 9.3 days ha™ for manual planting and 20-40
days ha™* for manual harvesting.
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2.3.2.4 Land, fertilizers and other types of input
The price of fertilizers and other types of input are shown in Table 2-6.

Table 2-6: Annual input and cost required for the cultivation of cassava (excluding land and labour)

Value Unit Number of units per year

Low input Intermediate
Inputs required for tasks o A SR
Field preparation (hoes and machetes)® 10 $Shatyr 1 1
Planting material (cuttings) ° 12 $ha™ 1 1
Tools for weed control © 6 $hat yr'1 1 1
Fertilisers (100 kg urea)d 52 Shatyr - 1
Pesticides ° 20 Shatyr - 1

*(GTZ 2009b).

b Planting material, data from Southwest China, assumed to be 17% of total cost (Zhang et al. 2003).
¢ Taken from jatropha expenses, (GTZ 2009b).

9 Fertiliser prices are based on FAOSTAT data 2000-2002, urea prices for Tanzania and Kenya.

¢ See jatropha input data, average of (Loos 2008; GTZ 2009b).

Cassava is mostly transported by ox carts, therefore, no packaging expenses have
been included (Zvinavashe et al. 2011). The total expense, excluding labour, in the
low input system is 75 and 205 $ ha™ in the intermediate input system.

2.3.2.5 Price of cassava

Prices of cassava for ethanol production are not available, because cassava is
currently not widely used for the production of ethanol. Instead a default value is
used that is based on the price of cassava for food. In Mozambique, the consumer
price for fresh cassava in February 2010 ranged from 23 $ t? fresh (90 $ t* dry)
(Northern Province) to 94 $ t* fresh (375 $ t* dry) in Maputo (Agriculture
Marketing Information System 2010). Other sources for Mozambique mention
prices ranging from 55 to 105 $ t* (McSween et al. 2006; Econergy International
Corporation 2008). Farm gate prices in Malawi were 63 $ t! (Kambewa and
Nyembe 2008), while in Tanzania prices in 2010 were 73-109 $ t " fresh cassava
(Shayo feb. 2010). The average producer price of dried cassava from 2000 to 2007
was 125 $ t™ for seven East-African countries for which data was available; Burundi,
Kenya, Malawi, Mozambique, Rwanda, Madagascar, Zimbabwe, Mauritius
excluded) (FAOSTAT 2009). Assuming a dry weight percentage of 25%, this is
approximately 31 $ t™ fresh. The average price was lowest in 2003, 23 $ t* fresh or
93 ¢t dry, and this slowly increased after 2003; in 2007 the average was 46 $ t
fresh, but with large variations between different countries (e.g. 17 $ t™ fresh in
Madagascar and 81 $ t™ fresh in Burundi). Another market is livestock feed (FAO
and IFAD 2005), however, no price data are available. The average of the total
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range in prices (17-94 $ t7) is 55 $ t"*. Although this is higher than the average from
for example FAO, this value was used as default value and the price in the
sensitivity analysis was varied. It should be noted that the distance to the market is
crucial for farmers who want to sell fresh cassava, as this product cannot be stored
for a long time. This means that the prices mentioned are only obtainable by
farmers within reasonable distance of the markets. To emphasize the variety in
prices, a range of 17-94 $ t"is used in the sensitivity analysis.

2.3.2.6 Production of cassava ethanol and comparison with
conventional petrol

No data was available for cassava ethanol conversion in SSA, therefore, data has

been used from Thailand and China (see also the section on Data sources). The

efficiency is 133 L t* fresh cassava (Nguyen et al. 2008). The cost of ethanol

production (excluding feedstock) is shown in Table 2-7.

Table 2-7: Cost of cassava ethanol production, excluding feedstock costs

Input required for process St $GIC
Transport to refinery® 0.06 2.9
Conversion” 0.25 12.0
Distribution of ethanol’ 0.01 0.5
Total 0.32 15.4

? Data from Zambia, (Simwambana 2005)

® Data derived from pilot plant in Thailand, capacity unknown (Nguyen et al. 2008), 2.5 t fresh cassava
produces 1 t cassava chips of which 333 | of ethanol can be obtained. This means 7.5 kg fresh cassava
per litre ethanol (133 | th.

“ Energy content 26.4 Gl t'l, density 791 kg m? (Hamelinck 2004).

CIF price of fossil petrol in Dar es Salaam in 2008 was 0.79 $ L or 0.26 $ GJ™ (see
Appendix B, Table 2B-14; Citizen, 2008; EWURA, 2009). This means that cassava
ethanol could cost 0.36 $ L" or 48 S ton’l, excluding transport, conversion and
distribution. This falls within the range used in the sensitivity analysis. The petrol
market is slightly smaller than the diesel market but still almost 0.5 M ton of petrol
was consumed in Tanzania in 2010 (EWURA 2010).

2.3.3 Eucalyptus

2.3.3.1 Crop cultivation

In Africa, eucalyptus is the most widely planted tree genus on plantations, covering
22% of the planted area (FAO 2001 in (Chamshama et al. 2009). Compared with
other wood sources, it is one of the fastest growing species (Jagger and Pender
2003). Eucalyptus grandis is often planted in Africa, although Eucalyptus

41



Chapter 2

camaldulensis is often chosen for arid areas (Batidzirai et al. 2006). Eucalyptus can
develop a deep root system and is therefore relatively drought resistant (Jagger
and Pender 2003). Eucalyptus is cultivated as a short rotation coppice. After a
number of rotations the trees are replanted by new ones. Appendix A lists the main
cultivation characteristics. In addition, see Table 2-8 for the labour requirements.

2.3.3.2 Yield

Eucalyptus yield depends on climatic conditions such as rainfall. There is a large
range in yields mentioned by different sources. For Mozambique the theoretical
maximum yield is 35 t dm ha'lyr'1 (Batidzirai et al. 2006). By using GIS suitability
maps, the maximum yield in Mozambique has been calculated as 22.6 t dm ha™yr™
with an average of 7.9 t dm ha'lyr'1 by Van der Hilst and Faaij (van der Hilst and
Faaij 2012). Ugalde and Pérez (2001) collected yields from various countries, 3.6 t
dm halyr™ (8.5 m*ha™ yr') in Rwanda, 12.6 t dm ha™ yr” (30 m* ha™yr™) in South
Africa and in Kenya 15.5 t0 20.7 t dm ha™ yr* (30-46 m> ha™* yr''). They mentioned
that yields higher than 10.5 t dm ha™ yr'1 (25 m?3 ha” er) are often achieved but
only if conditions and cultivation techniques are good (Eldridge et al. 1993 in
(Ugalde and Pérez 2001). In Ethiopia, Jagger and Pender (2003) estimated 4.2 t ha™
yr' (10 m® ha™ yr'") on poor sites and 24 t ha™ yr* (57 m® ha™ yr) on high quality
soils. IPCC have mentioned a range of eucalyptus growth (aboveground biomass) of
3to 7 t dm ha™ yr?, assuming a wood density of 0.42 t m™ (IPCC 2006), and FAO
estimates 6.3-23.1 t dm ha™' yr (15-55 m® ha™ yr™!) for eucalyptus (FAO 2001). The
total range in literature was 3-24 t dm ha™ yr™* (7-57 m? ha™ yr'). An average of the
FAO and the IPCC estimates is used, namely 4.7 t dm ha™ yr'1 for the low input
setting and 15.1 t dm ha™ yr™ for the intermediate input setting (11.7-35.9 m> ha™
yr'l). In the sensitivity analysis in Section 2.4.2, a range of 3-24 t dm ha™ yr'1 is
considered (7-57 m® ha™ yr™).

2.3.3.3 Labour
Table 2-8 shows the labour requirements for the cultivation of eucalyptus.
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Table 2-8: Labour requirements for eucalyptus for a low and intermediate input system (days ha™ yr™

Plantation 0 1 2 3 4 5 6 7 8 9 10§11 ;12§13 {14 : 15 16 i 17 { 18 { 19 20 { 21 { 22 { 23
year >
Cost item
Low input system
Field 15
preparation®
Planting® 10
Weed 16 16 : 16 16 : 16 : 16 16 : 16 : 16
control®
Harvesting® 37 37 37
TOTAL: 41 16 : 16 0 0 0 0 37 16 ;: 16 ; 16 0 0 0 0 37 16 : 16 ; 16 0 0 ) 0 37
Intermediate input system
Field 15
preparation®
Planting® 10
Weed 16 16 : 16 16 : 16 i 16 16 : 16 i 16
control®
Pruning® 11 : 11§11 ¢ 11 11:11§11: 11 11 : 11§11 11
Fertilisation” 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
Pestand 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
disease
control®
Harvesting” 119 119 119
TOTAL: 56 31 :31:26:26:26 ;26 :134: 31 : 31 :31:26: 26 :26 ;26 :134: 31 : 31 :31:26 : 26 : 26 ; 26 ;134

* Data from Tanzania, wood lots with Acacia, survey dates from 1997 in Tanzania, 23 farmers
(Ramadhani et al. 2002), post harvest activities such as chopping have not been taken into account.
Harvesting compares to 5 min tree™ as mentioned by (Van den Broek et al. 2000b).

b Slashing, only years 1-3, Ministry of Natural Resources and Tourism (MNRT) cited in (Wiskerke et al.
2010), after every rotation similar to Van den Broek (2000b).

¢ Pruning (and firebreak maintenance) is required from year 4 onwards (Sayal 2010). An average of 11
days per ha is used, similar to cultivating jatropha (Loos 2008).

“ Loos 2008, data is average time spent on fertilizing over 3 years of cultivating jatropha.

¢ Batidzirai et al. (2006).

Jagger and Pender (2003) used data from eucalyptus plantations in Ethiopia. They
mention labour demands of 251, 81 and 4 days ha™ for community, and 127, 83, 96
days ha™ for privately managed plantations in years 1, 2 and 3, respectively. This is
higher than our estimates in years 1 and 2, partially as a result of the higher
planting density of 3000-4700 trees ha™ (Jagger and Pender 2003).

2.3.3.4 Land, fertiliser and other types of input
The price and types of input of eucalyptus cultivation are shown in Table 2-9.
Packaging of the harvested wood is not required.
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Table 2-9: Types of input and cost required for the cultivation of eucalyptus, lifetime 24 years
(excluding land and labour)

Value Unit Number of units per 24 Total costs
years per 24 years
($ ha”)
Low Intermediate
input input system
Inputs required for tasks system
Field preparation (hoes and 10 10
machetes)® $hat 1 1
Planting material (seedlings) b 0.02 $ piece™ 2500 2500 50
Tools for weed control (hoes)* 6 Shatyr! 9 9 54
Tools for pruning (machetes)" 10 $ piece™ - 3 0-30
Fertiliser (NPK)° 30 Sha'yr® - 24 0-720
Pesticides (liquid) f 5 Shatyr® - 24 0-120
Harvesting (saw)® 3.5 $ piece™ 3 3 11

*(GTZ 2009b).

® Batidzirai et al. (2006).

¢ Weeding expense taken from jatropha expenses (GTZ 2009b).
4(GTZ 2009b), lifetime is 10 years.

€ Cost of fertiliser for eucalyptus, arid area (Batidzirai et al. 2006).
1.7 ha™ at 2.8 $ I (Batidzirai et al. 2006).

€ Van den Broek et al. (2000b).

2.3.3.5 Value and price of eucalyptus wood

Existing applications of eucalyptus in Africa include the production of pulp for
paper, timber, poles, fuel wood and charcoal (Batidzirai et al. 2006). The
technology to make ethanol from woody biomass is available, although not on a
commercial level; therefore, only fuel wood and pellet production have been
included. Prices for eucalyptus vary and depend on for example location and
availability. Prices for fuel wood are the lowest compared to the other products. A
report by the UNEP (2008) mentions that fuel wood prices in developing countries
range from 1 to 10 $ m>. In Mozambique, fuel wood is priced around 0.07 $ kg'l,
which is 70 S t* or 29 S m? (Brouwer and Falcdo 2004). In Tanzania, Wiskerke
(2010) observed 10.5 $ m™ (25 t™). In Mozambique, the Ministry of Industry and
Commerce defines the reference price of exported wood products. For eucalyptus,
prices vary from 15-40 $ m” (Batidzirai et al. 2006). A conservative average of 10 $
m” is used as default value. A price range of 1-42 $ m™ is used in the sensitivity
analysis (2-100 $ t).

2.3.3.6 Production of eucalyptus pellets, and a comparison with other

pellets
The average cost of transportation is taken as 24 $ t* or 1.24 $ GJ'; this is based on
costs in Mozambique (Batidzirai et al. 2006). Conversion (sizing, densification and
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drying) costs 21 $ t* or 1.08 $ GJ " according to Batidzirai (2006), see Appendix B for
detailed data. Alternative pellets are priced around 160 $ ttCIF Rotterdam, which
equals 100 $ t™ for East Africa (FOB). This range is included in the sensitivity
analysis (GF Energy 2010; Sikkema et al. 2010). The market for pellets has been
growing, in 2009 almost 10 million tons of pellets were consumed in the European
Union and this figure is expected to grow to 100-300 million tons in 2020 (Sikkema
etal. 2011).

2.4 Results

2.4.1 Cost-Benefit Analysis

Table 2-10 displays the NPV, IRR, BCR and PBP of the production of jatropha,
cassava and eucalyptus. These values have been calculated for different crop
systems and labour types with a discount factor of 8.2% (see Methods section).

Table 2-10: CBA results with chosen default values for jatropha, cassava and eucalyptus

Crop management Type of NPV IRR BCR PBP (yr) Costs® ($ ha™)
system labour ($ ha™) (%)

Jatropha

Low Family 747 41.3 3.4 6 314
Low Hired 13 8.5 1.0 >20 1050
Intermediate Family 1304 37.2 3.1 6 614
Intermediate Hired -172 5.8 0.9 >20 2090
Cassava

Low Family 2897 n/a 6.4 1 538
Low Hired -185 n/a 0.9 1° 3620
Intermediate Family 5860 n/a 5.3 1 1350
Intermediate Hired 1249 n/a 1.2 1 5961
Eucalyptus

Low Family 666 30.6 3.1 7 317
Low Hired 377 16.5 1.6 7 606
Intermediate Family 2277 40.6 3.9 7 758
Intermediate Hired 1368 23.3 1.8 7 1634

? Discounted costs over the lifetime of the system (24 years).
® After 7 years, the NPV becomes negative.

The results show that when the opportunity costs of labour are taken into account
(as is the case in the hired labour setting), the NPVs are significantly smaller and
even negative for jatropha (intermediate inputs) and cassava (low inputs). Only the
NPV of eucalyptus remains positive. If family labour is used, cassava generates the
highest returns. Cassava also has the lowest PBP except for low inputs with hired
labour, but the BCR shows that there is hardly any profit. Moreover, the
investment costs are higher than for the other crops. Therefore, cassava is
especially interesting if people cannot wait several years for their returns and if
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they have enough money and labour to invest. If people do not have a large
investment capacity, eucalyptus (family labour) and jatropha (low inputs, family
labour) are more feasible options. The investment costs for eucalyptus and
jatropha are comparable if family labour is used: Jatropha has slightly higher profits
with low input, while eucalyptus has higher profits with intermediate input. If hired
labour is used, eucalyptus generates higher profits than jatropha (jatropha is not
profitable at all with hired labour and intermediate input). The NPV for jatropha is
positive only from year 18 onwards (hired labour), which is much later than
eucalyptus (year 7) and cassava (annual returns except with low input and hired
labour).

If the input for the production of jatropha production with hired labour is increased
from low to intermediate, the NPV will decrease. This indicates that it is not
profitable for a farmer to increase input when default values are used. For cassava
and eucalyptus it is profitable to increase the level of input of crop production both
with family and hired labour, although profits are marginal for cassava. Figure 2-1
shows all the factors used for the NPV calculation.

W

iatropha Cassava Eucalyptus
Revenue for default value
& .
f Land rent
4 i Toals and other inputs
- W Fertfisers and pesticdes
" -
‘  Packie
= A ’ acheg

-
® Labour harvesting (and post harvesting)

)
it =
® Labour intermediare managemen
3
‘£ [ # Labour woed control
s

1000 5/ha

® Labour feld preparation and planting
A& NPV hirad labowr

& ® NPV family labowr

Figure 2-1: NPV contribution per factor for hired labour. Prices based on default values (see Methods
section). Values given in 1000 $ ha™.

Besides labour, the biggest cost factor for jatropha is land rent. For cassava, in the
intermediate input setting fertiliser expenses are relatively high. For eucalyptus,
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land rent and fertilisers are important cost factors in the low and intermediate
input system, respectively.

Labour costs represent 71% of the total expenses for jatropha, 58-73% for cassava
and 48-49% for eucalyptus. Harvesting of jatropha and cassava requires the highest
amount of labour compared to other tasks. Field preparation and planting requires
a relatively high amount of labour for cassava. This is due to the annual cropping
system. Some sources suggest a lower labour requirement for the planting of
jatropha, but this would hardly affect the NPV as it is only required once in the
lifetime of jatropha. The average yearly labour days for jatropha low input system
(with a lifetime of 24 years) are 31 days ha™ yr'l, and 72 days ha™ yr'1 for the
intermediate system. Eucalyptus shows the lowest average labour requirements:
12 days ha™ yr'1 and 42 days ha™ yr'1 for the low and intermediate input systems,
respectively. Cassava is relatively labour-intensive compared to jatropha and
eucalyptus, with 142 and 206 days ha™ yr'1 for the low and intermediate input
systems, respectively.

2.4.2 Sensitivity analysis

The results presented in this study are influenced by a large number of factors, the
most important of which have been included here. Figure 2-2 shows the response
of the NPV to changes in the variables: wages, yields and prices.

e Wages. Wages vary per country, as discussed earlier. A range of 0.8-4.0 $
day'1 is used.

e Yields. Section 2.3 discusses the yield ranges included in our analysis. For
the low and intermediate input system, the range for jatropha is 0.6-2.0
(low) and 1.5-5.0 t ha™ yr™ (intermediate), for cassava 4.0-10.0 (low) and
6.0-20.0tha™ yr"1 (intermediate) and for eucalyptus 3.0-10.5 (low) and
10.5-24.0tha™ yr'1 (intermediate).

e Prices. The market prices paid for the crops are varied in line with
minimum and maximum prices found in literature and the price at which
bioenergy is competitive with the fossil energy alternative (see Methods
section). For jatropha seeds, this means 0.09 to 0.20 $ kg™ (fossil diesel),
for cassava roots 17-94 $ t™* (fossil petrol) and for eucalyptus 1-42 $ m™ (2-
100 $ t™) (alternative pellets).

e Land rent. Not all smallholders have to pay annual land rent, although it
reflects the opportunity cost of land. If these costs are not taken into
account, the NPV for jatropha in the low input system would be 294 $ ha™
(instead of 70 $ ha™) and 146 $ ha™ (instead of -78 $ ha) in the
intermediate input setting (both hired labour). This means the production
of jatropha would be profitable if land cost is not included. The NPV of
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cassava would change to -676 $ ha (instead of -900 $ ha™) and 1,094 $
ha™ (instead of 870 $ ha™) for low and intermediate inputs, respectively
(hired labour). In addition, the NPV of eucalyptus would change to 597 $
ha™ (instead of 373 $ ha™) and 1,734 $ ha™ (instead of 511 $ ha™) for low
and intermediate input, respectively.
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Figure 2-2: Sensitivity analysis for jatropha, cassava and eucalyptus ($ ha™). ‘Intermediate’ and ‘low’
refer to the input level and ‘family’ and ‘hired’ refer to the labour system. See Section 2.3 and 2.4.2
for a description of the values used to vary the wage rate for labour, the yield of the crops and the
price that farmers receive for their feedstock.

Changes in yield, prices and wages have a great influence on the NPV. Eucalyptus

shows the least sensitivity to changes in the variables. Only when the market price

is 1$ m™ does the NPV become negative, but this is an exceptionally low price. The

break-even price is 5-7 $ m™. Cassava shows a high sensitivity towards changes in

the variables; the NPV becomes negative in almost all lower limits of the variables,

except for yield and prices with family labour. The same is true for jatropha,

although the values are slightly less negative in the lower ranges than cassava.
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In the calculations for jatropha, it is assumed that one person can harvest 40 kg
day™. If this assumption is altered to 30 kg day ™, the NPV for hired labour becomes
-126 $ ha™ in the low input setting and -424 S ha in the intermediate input setting.
If it is assumed that one person can harvest 50 kg day™, the NPV for hired labour
becomes 96 $ ha™ in the low input setting and -22 $ ha™ in the intermediate input
setting. Therefore, the harvest rate has a considerable influence, although it is as
yet unclear exactly how great this influence is.

No post-harvest activities have been included for eucalyptus. However, if chopping
were included, the amount of labour days would increase by 122 days ha™ (which is
a relatively high value) in the harvest years (Ramadhani et al. 2002). The influence
on family labour is 0; with hired labour the NPV changes from 377 $ ha™ to 122 S
ha™ in the low input setting and from 1,368 to 1,113 $ ha™ in the intermediate
input setting.

Cost of packing has been included for jatropha; however, in some cases the
wholesaler provides the bags for packing. If the cost for packing is eliminated, the
NPV for jatropha becomes 73 $ ha™ in the low-input, hired labour setting and -68 $
ha™ in the intermediate-input, hired labour setting. No packing expenses have been
included for cassava, but if 50 kg bags were used, the NPV would be reduced to -
900 and 70 $ ha™ in the low and intermediate hired labour setting, respectively. In
other words, packing expenses have a great influence on the profitability.

2.4.2.1 Competitiveness with reference energy systems

The feedstock cost of jatropha varies from 0.15-0.61 $ I'" and the total costs for
SVO vary from 0.61-1.07 $ I"and for biodiesel from 0.89-1.35 $ I'* (see Table 2B-13
in the Appendix). Transesterification is not required if jatropha SVO is used as a
diesel substitute in modified engines. Government taxes on biofuels have not been
taken into account, since there are no such government policies in place in most
SSA countries. Note that the cost of transport to refinery could be reduced if more
efficient transport systems were in place and the costs of conversion and
transesterification might decrease if economies of scale were applied. The total
costs per GJ vary from 25-37 $ GJ™ for jatropha biodiesel and from 19-32 $GJ ™" for
jatropha SVO (see Figure 3).

The feedstock cost of cassava ethanol varies from 0.08-0.43 $ I"* and the total cost
from 0.40-0.75 $ I (see Table S2). It is important to note that the cost of
conversion can be reduced if economies of scale are applied. Nguyen et al. mention
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a potential reduction to 0.17 $ I instead of 0.25 $ I'* (Nguyen et al. 2008). Figure
2-3 presents a comparison per GJ. Taxes have not been taken into account.

Feedstock cost for eucalyptus varies from 6-15 $ t* and the total costs range from
51-60 $ t™ (see Table 2B-15 and Figure 2-3 below).
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Figure 2-3: Comparison of costs per GJ for jatropha SVO (without esterification) and biodiesel, cassava
ethanol and eucalyptus pellets and their alternatives (1=low input system with family labour, 2=low

input system with hired labour, 3=intermediate input system with family labour, 4=intermediate input
system with hired labour).

From the comparison of the three bioenergy systems and their alternatives, it is
clear that eucalyptus has the highest margin between the production costs and the
price of alternative pellets on the international market; therefore, of the three
crops studied, it is the most competitive. In all systems eucalyptus pellets can
compete with reference pellets. With current default values, jatropha biodiesel has
higher costs than conventional diesel while jatropha SVO can compete with diesel,
but only in a family labour system. Cassava ethanol can compete with petrol in a
family labour system but not in a hired labour system.

2.5 Discussion
Land clearing

The amount of labour required for land clearing is dependent on the vegetation of
the land and has not been taken into account in this study. Tshuinza (1996)
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mentions 52 days per hectare for land clearing, compared to 18-166 days ha™ yr'1
for the cultivation of the crops. Although land clearing is only required once in the
lifetime of the crops and is only of influence when labour is hired, the impact on
the NPV can be considerable. The NPV of jatropha would change from 13 to -91 $
ha™ in a low input setting, and from -172 to -276 $ ha™ in an intermediate input
setting (-60%). For cassava, the NPV would change from -185 to -289 $ ha™ in a low
input setting and from 1250 to 1150 $ ha™ (-9%) in an intermediate input setting.
The NPV of eucalyptus would decrease by 27% in a low input system and by 7% in
an intermediate input system.

Prices

Eucalyptus can be highly profitable for smallholders if prices for wood do not
decrease to below 5-7 $ m™. The minimum price that should be paid to farmers to
reach the break-even point for jatropha with intermediate input and hired labour is
0.16 $ kg™ (the default value is 0.14 $ kg*) and for cassava with low input and hired
labour the break-even point is at 60 $ t? (the default value is 55 $ t"l). With the
default values, the NPV is negative for these settings and therefore the use as
additional income is poor, but only slight price increases or the elimination of land
costs or packing expenses could mean that farmers can make a profit. A 24-year
system lifetime has been chosen; however, jatropha stays productive for a longer
period, which will result in a higher NPV. The NPV has been calculated based on
current prices; still, these may fluctuate substantially, as observed during the peak
in food prices in 2008 (Piesse and Thirtle 2009). The final price of the end product
will be partly determined by government taxes, which are not included in our
analysis. Currently, it is unclear how high these taxes will be, but if they add up to
35% of the fossil fuel price at the pump, it could lead to a substantial increase in
the final price of the bioenergy products. The competitiveness of the liquid fuels
(jatropha and cassava) is also determined by the fossil oil price, which fluctuates
substantially.

Production costs

The implementation of mechanised cultivation and harvesting systems may reduce
the labour requirements and thus reduce the costs. This is especially relevant for
jatropha, where harvesting is the most time-consuming task. It will probably take a
couple of years before reliable harvesting machines and improved genotypes of
jatropha become available. De-hulling equipment for jatropha is already available
e.g. in Mali and Honduras at low costs and can increase dehulling efficiency to 100
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kg hour® (de Jongh and Nielsen 2011). The cost of transport may be reduced
substantially when more efficient means of transport and infrastructural
developments are implemented. A further reduction of the cost of processing, e.g.
by increased efficiency of conversion or using by-products, would also increase
competitiveness. For example, corn-ethanol conversion costs in the US are 0.14 $ I
(Hettinga et al. 2009), which is almost half of our default value for cassava ethanol.
It is unlikely that such low costs can be achieved in Africa on a short term, although
sugarcane ethanol factories are currently being developed in Africa on a
commercial scale. No value for by-products has been included, even though the
volumes and revenues may be substantial and may reduce the total cost of
bioenergy.

Yields

Economic performance is sensitive to the crop yields while yield data are highly
uncertain. Improved agricultural practices may lead to higher yields in the future,
which will increase competitiveness. For cassava, yields could be much higher than
our default value, and this would make -cultivation profitable. Improving
agricultural practices led to a 100% increase in cassava yield in East Africa, but
current yields are still well below what is agro-ecologically attainable (Fermont et
al. 2009). On the other hand, an annual 2% vyield decrease over time has been
assumed for the cassava low input system, but this may be too conservative as soils
may deplete. The difference between the yield level over time for annual and
perennial systems should be further investigated. The limited economic benefits of
current jatropha cultivation with low yields are confirmed by other researchers
(GTZ 2009b; Mujeyi 2009). Jatropha breeding programmes have been set up during
recent years, and improved plant material will become available on a commercial
scale, however this will be in a few years’ time (Brittaine and Lutaladio 2010). An
increase in input leads to a better performance for eucalyptus and cassava, but to a
decreased performance for jatropha. Therefore, at current practices and yields, a
crop management system with low inputs is recommended when cultivating
jatropha. Research on eucalyptus takes place in for example Brazil (MCT 2008), but
the potential for yield increases are difficult to quantify.

Markets

The potential bioenergy markets in Tanzania and Europe are large, and it is
expected that the global biofuel market will grow exponentially (Lamers et al.
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2011). However, this does not imply that smallholders have access to these
markets. This aspect should be analysed further.

Other benefits

Non-financial benefits such as an improvement in the local energy supply security
or non-financial disadvantages are excluded. Examples of additional benefits for
jatropha are its medicinal use, the prevention of wind erosion and the possibility to
generate electricity in a generator (Kumar and Sharma 2008), for cassava the use of
processing waste in a biogas digester (Zvinavashe et al. 2011), and for eucalyptus
the soil and water erosion control and the potential to regenerate degraded soil
(Jagger and Pender 2003). In addition, the eucalyptus and cassava systems also
have alternative markets, such as food in the case of cassava (fresh roots or dried
chips) and wood products such as timber in the case of eucalyptus; this makes
them less risky options for smallholders. Cassava roots can stay in the soil for more
than a year and are sometimes used as ‘famine-reserve’ (Infonet Biovision 2009).
These additional and alternative benefits should also be taken into account.

Food security

In Sub-Saharan Africa food security is of great importance. Crop substitution may
lead to a reduction of food production in favour of fuel production. Land used for
biofuels can also be used for the production of food, and the food crop cassava
could potentially be used for biofuels, thus losing its value as a food crop. Food
security depends on food availability but also on food accessibility. The latter is
influenced by household income level, but also by factors such as market
accessibility and infrastructure. The farmers’ income is also an important factor.
The three crops analysed in this chapter can generate income and thus contribute
to increased food security. However, the NPV of these crops can also be negative,
and it is unclear whether the market access for these crops is stable. In addition, it
is also unclear whether a potential negative trade-off exists between food
production and bioenergy cultivation due to a reduction of time available for
cultivating food plots. Smallholders have multiple options for their labour
investment, such as livestock or other crops; further research taking into account
more alternatives may generate better insight into additional possibilities.
Furthermore, increased food demand and reduced supply on local markets may
result in sustained elevated prices and food deficits. It is unclear to what extent an
increase in agricultural knowledge (spillover) and the resulting increased food crop
yields can make up for this. Further research is required to determine the net
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impact on food security of increased biofuel production. A feasibility study with a
broader scope should include profitability estimates of common food crops;
however this is beyond the scope of the present study. The stability in food supply
can be increased by introducing the possibility to shift from using cassava for fuel
to using it for food and vice versa, depending on the needs of the local population.

Other regions

It depends on typical factors such as the wage rate and land costs whether the
cultivation of these crops are also viable in other areas. Using the opportunity cost
of land and labour included in a study by Hoogwijk et al. (2009), a comparison
between East Africa and other world regions shows Southern Africa to have higher
land and labou