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1 Introduction

Since the beginning of human civilisation, natural resources have been exploited recklessly.
Whilst former invasions had mainly been of local impact, since the beginning of industrialisa-
tion environmental damage resulting from human actions, particularly greenhouse gas (GHG)
emissions to the atmosphere are affecting the global ecosystem. This has led to environmental
pollution, the depletion of species, and global warming. During the 20th century global air
and ocean temperatures have increased disproportionally, leading to an unequivocal warming
of the climate system — the so-called climate change' (IPCC (2007a), p. 30). The main causes
of climate change are the follwing GHGs: carbon dioxide (CO,) methane (CH,), and nitrous
oxide (N,O) — triggered primarily by fossil fuel use. Climate change is aggravated and accel-
erated by the uncontrolled destruction of natural forests that serve as CO, sinks. These devel-
opments have led to spacious and temporal modifications in rainfall, an increased global aver-
age sea level, and much more frequent and more intense natural disasters (IPCC (2007a), pp.
35 f.). The Intergovernmental Panel on Climate Change (IPCC) estimated an average rise in
temperature of between 2 and 6.1 °C from now until the end of the 21st century (IPCC
(2007a), p. 67).

Besides, threatening aspects of decreasing energy supply as a consequence of the exploitation
of fossil energy sources, revealed by continuously rising prices of crude oil® in contrast to a
globally growing energy demand, have raised concerns about energy security. Both develop-
ments have resulted in the search for alternatives in order to change the currently prevailing
global energy matrix that is predominantly based on fossil fuels’ (MSANGI et al. (2007), pp. 2,
4). Against that background, renewable energy sources, in particular biofuels have attracted
increasing attention in recent years. They have been championed as a sustainable energy
source that may help to cope with rising energy prices and to increase security of supply, ad-
dress environmental concerns about GHG emissions, and offer new income and employment
opportunities to farmers and rural communities around the world” (HAZELL et al. (2006),
DOORNBOSCH et al. (2007), p. 1). In the last couple of years numerous countries have already

launched and many more are expected to launch ambitious programmes, as well, in order to

! According to the IPCC climate change “refers to a change in the state of the climate that can be identified (e.g.
using statistical tests) by changes in the mean and/or the variability of its properties, and that persists for an ex-
tended period, typically decades or longer. It refers to any change in climate over time, whether due to natural
variability or as a result of human activity.” (IPCC (2007a), p. 30).

2 At April the 14th, 2008, the crude oil price/barrel is US$ 109.65 (HANDELSBLATT (2008)). An overview about
the development of the crude oil price/barrel during the past three years is given in Appendix I (Figure I).

* Figure 3 (Section 3.4) gives an overview about the global consumption of total primary energy in 2005.



encourage the production and use of biofuels, amongst them, the United States (US) and the
European Union (EU) (REN21 (2008), pp. 27 f.). According to DOORNBOSCH and
STEENBLIK (2007), “farmers are ready for action, industry is investing, and governments have

opened up their treasuries to help biofuels take off.”

1.1 Problem

Regardless of the potential benefits, a very lively and controversial discussion is being held at
the moment with respect to possible risks based on a rapid bioenergy expansion as it is feared
that it will possibly result in a difficult trade-off between energy security and the resulting
economic profit on the one hand and food security as well as environmental integrity on the
other hand (HAZELL (2006a)). Therefore, potential adverse impacts can include the “upward
pressure on international food prices, making staple crops less affordable for poor consumers,
potentially significant adverse impacts on both, land (soil quality and fertility) and water re-
sources, and on biodiversity and ecosystems in general [, in the worst case even increasing
life-cycle emissions of GHGs, D. V.]” (MSANGI et al. (2007), p. 2). Experiences to date have
shown that such concerns are justified as the large-scale production of biofuels in Brazil,
Malaysia, and Indonesia have already demonstrated tremendous negative social and environ-
mental impacts (GBEP (2007), p. 2, FRITSCHE et al. (2006), p. 15). According to these experi-
ences, economic and environmental benefits of bioenergy such as the reduction in CO, emis-
sions have to be viewed against negative ecological effects caused by unsustainable large-
scale bioenergy plantations around the world (SCHMITZ (2007), p. 1475), high social costs

due to subsidies®, and decreasing food production.

1.2 Objective

Against the background of an accelerating expansion of bioenergy production and use around
the world as well as the remaining uncertainties with respect to the potential benefits and
risks, it is of crucial importance to figure out whether the production and use of a certain
bioenergy crop in a given case under given frame conditions can actually be designed in a
sustainable way and to what extent the respective energy crop can contribute to the intended

goals, respectively.

4 Currently, in most regions of the world without governmental support biofuel could not be produced at compet-
itive prices (DOORNBUSCH et al. (2007), p. 9).
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This study focuses on the small-scale cultivation of the vegetable oil crop jatropha and at
times refers to a DED development Project in San Martin, Peru. Jatropha — as it is a perennial
crop — is considered to be a promising alternative with respect to environmental risks. An as-
sessment is made on whether the entire production chain of jatropha can be a sustainable cov-
ering all three dimensions necessary to be examined, the economic, the social, and the ecolo-
gical one. In this context, parameters crucial to the establishment of a sustainable biomass

production are intended to determine.

This study is basically divided into two parts. The first part is solely based on a literature re-
view and illustrates the current and expected situation of bioenergy — particularly biofuels —
production around the world as well as potential problems and risks. According to the object-
ive of this study, in Chapter 2 the concept of sustainability (Section 2.1) is outlined as well as
what is understood of a sustainable biomass, in this case bioenergy production (Section 2.2).
In order to understand the subject of biomass and its energetic use and to capture its current
and possible future importance in its full scope, Chapter 3 gives an overview about the differ-
ent pathways existing, covering the numerous potential benefits attributed to biomass accom-
panied by an increased worldwide demand (Section 3.2), the projected contribution to global
energy supply by 2050 (Section 3.3 ) as well as the current status and (expected) future devel-
opments of the biofuels sector in particular (Section 3.4). Chapter 4 completes the first part
giving a comprehensive overview of environmental, social, and economic key challenges that
have to be considered in each case to assess the sustainability respectively establish a sustain-
able bioenergy production regarding the entire production chain — from feedstock production

right up to the final energy use.

By means of a practical example the second part (Chapter 5) picks up the findings resulting
from the first one and tries to apply them in order to quantitatively as well as qualitatively as-
sess whether the production of jatropha for the bioenergy market by small-scale farmers in the
Peruvian region of San Martin can be established in a sustainable manner. Reference is made
to a case in the region of San Martin, Peru. For that purpose Section 5.1 gives a general re-
view of Peru as a country, especially focussing on the agricultural and energy sector, before in
Section 5.2 basic information about the Peruvian biofuels sector, in particular, is provided.
Section 5.3 starts with a detailed description of benefits and potentials linked to jatropha in or-
der to assess potential environmental (5.3.2) and social (5.3.3) impacts before in Section 5.4 —

mainly based on data received by the DED concerning a pilot project currently performed by
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them (5.4.1) — the financial assessment is performed by means of a mathematical maximisa-
tion model using General Algebraic Modeling System (GAMS). Chapter 6 completes the

study with a summary of the findings of the previous chapters and final conclusions.
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2 Theoretical Background

2.1 The Concept of Sustainability

At least since the United Nations Conference on Environment and Development held in Rio
de Janeiro in 1992, the paradigm of sustainability or sustainable development, respectively,
has encountered economic science. As its full meaning is very complex and emerging from
different dimensions, it is rather difficult to agree upon one uniform definition as the exist-

ence of numerous definitions proves.

At its most basic level, the so called Brundtland-Commission defines sustainable development
as “development that meets the needs of the present without compromising the ability of fu-

ture generations to meet their own needs” (UN (1987)).

The concept of sustainable development can further be divided into three constituent compon-
ents encompassing economic, social, and environmental sustainability. The overarching ob-
jectives and essential requirements for a sustainable development are set out by the UN as fol-
lows: (a) eradicating poverty, (b) protecting natural resources, and (c) changing unsustainable
production and consumption patterns. Thereby, common agreement exists upon the fact, that
these three components can not be regarded separately, as they are highly “interdependent and

mutually reinforcing pillars” (UN (2005), pp. 11 f).

2.2 Sustainable Biomass Production

“Biomass is basically a stored source of solar energy initially collected by plants during the
process of photosynthesis whereby carbon dioxide is captured and converted to plant materi-
als mainly in the form of cellulose, hemi-cellulose and lignin. The term ‘biomass’ therefore
covers a range of organic materials recently produced from plants, and animals that feed on

plants. The biomass can be collected and converted into useful energy.” (IEA (2007b), p. 13).

Besides significant potential benefits described below (see Section 3.2), biomass production
can cause both, negative ecological and social impacts, as well (see Chapter 4), whereby the
extent to which externalities occur depends very much on the respective energy crop, cultiva-
tion method, conversion technology, and the country or region under consideration (DUFEY

(2007), p. 37, KALIES et al. (2007), pp. 127-136).
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In compliance with the previously mentioned (see Section 2.1) biomass for the bioenergy
market as well as bioenergy itself can only be regarded as a sustainable energy source if its
entire production chain — ranging from feedstock production over refining and conversion
right up to end use practices — is considered to be sustainable with regard to all three dimen-

sions: the environmental, the social and the economic one (GBEP (2007), p. 2).

While financial benefits and costs are of a direct character and hence, relatively easy to assess
by means of mathematical methods — as done in Chapter 5 via Linear Programming —, the ap-
praisal of impacts on environment and society is a very challenging task, as the positive and
negative effects outgoing from biomass production are highly intercorrelated and are often
underlying intrinsic time-lags. In order to predict the entire ecological impacts of a certain
type of biomass a Life-Cycle-Assessment (LCA) has to be employed. The LCA includes pro-
duction (i. e. the choice of feedstock, agricultural practices, land use changes etc.) refining
and conversion processes, end-use practices, and by-products (GBEP (2007), p. 3). None of
the currently existing LCA-studies of biomass comply with this synonymously called “from
well to wheel” or “from the cradle to the grave” approach. They are rather focussing on differ-
ent issues, which make a comparison impossible. This is due to the complexity of LCA’s on
the one hand and the rapid development in practice compared with the pace of research on the
other hand (SRU (2007), p. 37). Therefore, as it could be said to be impossible to carry out a
final appraisal of the ecological impacts of biomass so far, key ecological impacts along the
production chain of bioenergy are discussed below (see Chapter 4), ranging from energy and
GHG balances to impacts on soils, water, and biodiversity. In consideration of social risks
land use conflicts and matters of food security are of enhanced significance. Concerning both,
the evaluation of environmental as well as social impacts of biomass production only tenden-

tial statements can be made.
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3 Biomass and Bioenergy

Non-Food biomass for energetic and material use is generally distinguished into renewable
primary products on the one hand and biogenic residues on the other hand (SRU (2007), p. 4).

For each of these categories Table 1 gives an overview of different sources.

Table 1: Overview of the Origin of Biomass

Renewable Primary Products Biogenic Residues

- Energy Crops: (e. g. Maize, - Agriculture Residues: Straw, Liquid Manure etc.
Rapeseed, Sugar Beets, Grasses, | - Forestry: Small Dimensioned Wood, Forest Residual Wood, etc.
Corn, Sun Flower, Cottonwood, | - Timber and Paper Industry: Matured Timber and Paper Sludge
Pastures, etc. - Landscape Conservation: Loppings, Pruning etc.

- Organic Primary Products for - Animal Production: Animal Fats, Slaughterhouse waste

material use: Oil Plants, Fibre . .
Plants, Starch Crops) Food & Luxury Food Industry: Mashed Potatoes, Spent Grain,

- Growth of Grassland
- Forestry-Wood

Molasses, Apple Pomace
- Waste Industry: Organic Part of Residual Waste,
Food Waste, Landfill Gas of Waste Landfill

- Sewage Water Industry: Sewage Sludge and Gas
Source: SRU (2007), p. 4.

Before biomass can be used for energetic or material purposes, some stages such as for ex-
ample, the cultivation and production of the primary products, its provision as well as differ-
ent processing steps have to be done (see Figure 1). In terms of energetic use biomass can be
utilized as a substitute in the three energy sectors of power, heat and fuel generation. Refer-
ring to its material use biomass is utilised to produce goods of material nature. Due to the
common resource basis of both pathways, they are competing with each other and simultan-
eously with the food and fodder industry (BRINGEZU et al. (2007), pp. 12, 16, SRU (2007), p.
4). According to the objective of this study the main focus is on the energetic use of biomass,

particularly on biofuels.’

> For the sake of completeness, Appendix I (Figure II) contains an overview of different material uses from ve-
getable feedstocks right up to possible end-uses.
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Figure 1: Provision of Biomass and its Usage Possibilities

( Renewable ressources ) ( Agricultural residues > ( Organic by products > ( Organic residues )

Cereals, Straw, forest residual Liquid manure, industry Sewage sludge,
woody plants, wood, residuall wood, etc. slaughterhouse waste, etc.
oil plants etc.

| |

Harvesting, Collecting, etc.

|

Preparation (pressing, Transport (truck, tractor, Storage (tank, storehouse,
drying, mixing, etc.) <::> conveyer belt, ship, etc.) <:> Silo, pile, etc.)
A 4 Y
BEnl Use Material Use
D Energy Carriers |:| Conversion processes ”:m] Pathway of energy usage

Source: Kacrscamirr (2006), p. 646.

3.1 Energetic Use of Biomass

There are various technologies to produce energy from biomass, whereby three basic methods

are distinguished:

* thermo-chemical conversion (e. g. pyrolysis, carbonisation, gasification)
* physical-chemical conversion (e. g. pressing and extraction)

* bio-chemical conversion. (uses e. g. micro-organisms or bacteria)

Except direct combustion and aerobic decomposition the result of all of these conversion pro-
cesses is a secondary energy carrier either of solid, liquid or gaseous nature. These conversion
processes can be regarded as an intermediate level prior to transformation into the preferred
final usage. Lastly all secondary energy carriers will be combusted and used for power, heat

or fuel generation - this can be in combustions, engines, turbines or, prospectively, also in fuel

20



cells. Hence, theoretically it is possible to completely replace fossil energy carriers by bio-

mass products. Figure 2 illustrates the different conversion technologies and its possible out-

comes.
Figure 2: From Biomass to Bioenergy - Conversion Technologies
Thermo-chemical conversion Physical-chemical conversion Bio-chemical conversion
Carbo- Gasifi- Pyrolysi ’ Pressing/extraction ‘ Alcohol Anaerob. Acrobic
nisation cation yrotysis v ferment. digestion decomposition
|
[ Pyrolysis
) Coal Syngas, oil chcFablc
Solid LCV-gas —— Oil FAME Ethanol X
fuels = Biogas

. Gaseous .
<Sohd fuel> < fuel > ( Liquid fuel

Combustion
I T
Electrical energy Thermal energy
(fuel cell) J, |
Thermo-mechanical converison
[
¢ ¢ A 4
—y
< Power and Fuel generation > ( Heat )
[] Energy Carriers [ ] Conversion processes

Source: KALTSCHMITT (2006), p. 646.

Physical-chemical conversion processes — the relevant methods as regards to this study — are
based solely on oil seeds (e.g. jatropha curcas, rape seeds, sunflower seeds) and result in li-
quid energy carriers only. The separation of oil is mainly done by mechanical pressing but can
alternatively be done by extraction or even a combination of the two. For energetic purpose
the vegetable oil resulting can be combusted either in its pure form or after a chemical conver-
sion (transesterification) to Fatty Acid Methyl Ester (FAME) — also known as biodiesel

— in Combined Heat and Power-plants (CHP) and as fuel for engines® (KALTSCHMITT et al.
(2007), pp. 514 £.).

® To be able to use vegetable oils for engine uses either conventional diesel engines have to be modified or the
oil — as already mentioned — has to be chemically converted, mainly because of great differences in viscosity
compared to conventional fuels (SRU (2007), p. 6).

’ For further information concerning the thermo- and bio-chemical conversion, see for example, SRU (2007),
p.6f.
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3.2 Benefits of Biomass and Bioenergy

In recent years biomass as an alternative energy source has drawn a lot of attention in both,
developed and developing countries. The predominant factors stimulating the recent and pro-
jected global growth of the bioenergy sector is its potential to increase energy security®, foster

rural development, mitigate climate change, and to develop new exports (UN (2007)).

In consideration of continuously rising energy prices, uncertainties with respect to future en-
ergy supply, and the need to reduce expenses for energy imports, biofuels as one type of
bioenergy have gained increasing importance, as they are expected to diversify and expand
the energy matrix and thus, to reduce the dependence on costly imported fossil fuels as well
as to increase energy security at the national and the local level (DUFEY et al. (2007), p. 2,
HAZELL et al. (2006)).

Furthermore, bioenergy represents a new market for agricultural products, which may help to
reduce commodity surpluses and to improve commodity prices (DUFEY et al. (2007), p. 2).
Additionally, rural poor could benefit from new employment and greater income opportunit-
ies as well as a better access to energy. Altogether, these factors could contribute to foster rur-
al development (GBEP (2007), p. 2, MSANGI et al. (2007), p. 2). This might especially be the
case if the processing could be performed on a small-scale (HAZELL et al. (2006)).

In many countries the production of bioenergy, especially biofuels, is viewed as an opportun-
ity within international trade to develop new export markets for their agricultural produce in
order to improve their trade balances (HAZELL et al. (2006), UN (2007)). This appraisal seems
to be well reasoned as very ambitious biofuel targets, for example of the EU, can only be
achieved by means of imports (SRU (2007), p. 60). By taking advantage of climatic condi-
tions as well as lower labour costs, many developing countries could have a comparative ad-

vantage on the international bioenergy market (HAZELL et al. (2006)).

Besides economical considerations, a rising awareness of the negative environmental impacts
of fossil fuels with respect to global warming caused by GHG emissions and urban air pollu-
tion on the one hand as well as international commitments assumed under the Kyoto Protocol
on the other hand, have also led to a shift towards the search for (environmentally more

friendly) alternatives, especially within industrialised countries (DUFEY et al. (2007), p. 2, UN

¥ Energy security means “the availability of energy at all times, in sufficient quantities and at affordable prices”
(COELHO (2005), p. 5).
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(2007)). Against that background bioenergy is an attractive option, as it is a renewable energy
source that at the same time has the potential to reduce carbon emissions or at least to slow
their growth. This is due to the ‘carbon cycle’, 1. e. its characteristic of only emitting carbon to
the air that has formerly been captured during plant growth (HAZELL et al. (2006)). In devel-
oping countries, the prospect of attracting investments in, for example carbon trading systems
such as the Clean Development Mechanism (CDM), is also driving the interest in bioenergy
(DUFEY et al. (2007), p. 2). Another environmental benefit possibly generated by the cultiva-
tion of biomass is the reduction in land degradation especially if perennial crops are planted

(GBEP (2007), p. 2)

As shown, there are many reasons that speak on behalf of the production of biomass and its
use as a bioenergy. Nonetheless, the very existence of such potentials does not necessarily im-
ply their realisation. As will be seen in Chapter 4, the management with respect to the entire
production chain is the crucial factor in order to realise the potential benefits, especially to es-

tablish a sustainable development. Table 2 summarises the key benefits of bioenergy.

Table 2: Key Benefits of Bioenergy

Key benefits of bioenergy

® Sustainability: a clean and renewable energy source
® Availability: bioenergy development can increase access to energy in rural areas

® Flexibility: bioenergy can deliver power, heat and transport

® Energy Security: bioenergy can contribute to diversifying the energy mix; there are a wide variety of feed-
stocks (raw material) for bioenergy and all countries can rely on some domestic sources; reduction of costly
imported fossil fuels

® Mitigation of climate change — bioenergy can significantly reduce greenhouse gas (GHG) emissions and urban
pollution compared to fossil fuels

® Diversification of rural livelihoods — in the energy sector, and utilising newly available energy services - facil-
itating rural development

® Reduction in land degradation: especially through planting of perennial bioenergy feedstocks

® Economic Growth: new export market; attracting investments by carbon trading systems (e.g. CDM)

¢ Other

Sources: own illustration, following GBEP (2007), p. 2, DUFEY et al. (2007), p. 2, UN (2007), p. 1, HAZELL et al.
(2006))
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3.3 Global Bioenergy Potential by 2050

Theoretical Potential > Technical Potential > Economic Potential

The global bioenergy potential is distinguished into three different types, the theoretical, the
technical and the economic potential. The theoretical potential is explained as the physical
ceiling of available energy provided by a certain (renewable) resource in a given place at a
given time or time period (KALTSCHMITT et al. (2006), p. 21, WBGU (2003), p. 48). For ex-
ample, the total energy globally produced by solar radiation, i. e. via photosynthesis, equals
the amount of about 3150 Exajoule’ per year (SCHMIDHUBER (2007), p. 8). This amount is
around seven times as much as the current global energy use, which is assessed to be between
400 (HAZELL et al. (2007)) and 479 EJ per year (STAIB (2007), p. 44). However, the photo-
synthesis potential is rather irrelevant for an assessment of global bioenergy potential as the
total exploitation of biomass existing is impossible to achieve due to technical, economical,
ecological, structural, and administrative constraints'® (SCHMIDHUBER (2007), p. 8,
KALTSCHMITT et al. (2006), p. 21).

Theoretical Potential —> Technical Potential > Economic Potential

The technical potential on the contrary describes the part of the potential theoretically exist-
ent which can be made available with respect to the state-of-the-art technology (FRITSCHE et
al. (2004), p. 74), 1. e. that can be harvested in practice and be further processed for practical
energy use (SCHMIDHUBER (2007), p. 12). Numerous studies — e. g. BERNDES et al. (2003),
FISCHER and SCHRATTENHOLZER (2001) — already tried to quantify the global technical po-
tential of biomass and its possible contribution to world energy supply in 2050 of an estim-
ated 850 EJ annually (SCHMIDHUBER (2007), p. 10). The different results vary tremendously.
The values calculated are ranging from around 40 to 1100 EJ per year. Even according to the
most optimistic study the technical potential is only around one third of the theoretical one de-
scribed above (FRITSCHE et al. (2006), p. 8, HOOGWUK et al. (2003), p. 119). The huge differ-
ences among the various studies are mainly based on the two most crucial parameters — (1)

land availability and (2) yield levels in energy crop production — as these are very uncertain,

' Exajoule (EJ) = 1 Joule * 10" = 23.81 mtoe (million tons oil equivalent); 1 mtoe = 0.042 EJ (MARTINOT et
al. (2007), p. 25).

" For example, nearly one third of photosynthesis, or about 1150 EJ/yr, is produced as phytoplankton and other
plants in the oceans but these potentials cannot be ‘harvested’ as they are too inaccessible as well as for other
reasons (SCHMIDHUBER (2007), p. 8).
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and subject to substantially different opinions (BERNDES et al. (2003), p. 1). Other crucial
factors determining to what extent biomass can be made available for energy use depend on
(3) population growth, economic development, global diet, and thus food demand, (4) the ef-
ficiency of food production, and (5) the future development of competing products, like bio-
materials, and competing land use types, e. g. other applications of surplus agricultural area
and degraded land (HOOGWUK et al. (2003), p. 131). Table 3 summarises the global bioenergy

production potentials for biomass in 2050.

Table 3: Global Bioenergy Production Potentials for Biomass in 2050

Global bioenergy production potentials for biomass in 2050
Potential (EJ) Main Assumptions and Remarks

Agricultural 15-70 Based on estimates from various studies.

Residues Potential depends on yield/product ratios, total agricultural land area, type of
production system. Extensive production systems require that residues be left,
so as to maintain soil fertility; intensive systems allow for higher rates of
residue-energy use.

Organic 5-50 Based on estimates from various studies.

Wastes Includes the organic fraction of MSW and waste wood.
Strongly dependent on economic development and consumption, and the uses
to which biomaterials are put.
Higher values possible by more intensive use of biomaterials.

Dung 5-55 Use of dried dung.
Low-range value based on current global use; high value reflects technical po-
tential.
Utilization (collection) over longer term is uncertain.

Forest Residues 30 — 150 Figures include processing residues.
Part is natural forest (reserves).
The (sustainable) energy potential of the world’s forests is unclear.
Low-range value based on sustainable forest management; high value reflects
technical potential.

Energy Crops 0-700 Potential land availability 0—4 gigahectares (Gha), though 1-2 is closer to the
(current agri- (100 —-300) average.
cultural land)

Energy Crops 60— 150 Potential maximum land area of 1.7 Gha low productivity is 2—5 dry tons/ha/yr
(marginal land)

Total 40-1100 Pessimistic scenario assumes no land for energy farming, only use of residues;
(250 -500)  optimistic scenario assumes intensive agriculture on better quality soils.
() = most realistic in a world aiming for large-scale bioenergy use.

Source: own illustration, following FRITSCHE et al. (2006), p. 8.

Looking at the most optimistic scenario bioenergy is assessed to be able to supply more than
double the current global energy demand without competing with food production, forest-pro-
tection efforts and biodiversity. On the contrary, following the most pessimistic appraisal in
2050 bioenergy will contribute even less to the total energy use as it does today (FRITSCHE et
al. (2006), p. 9). Regardless of the widely varying results, at least all studies agree upon the

assumption that the non-OECD countries’ will account for the lion’s share of the technical po-
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tential — with Africa and Latin America having the most potential (e. g. SMEETS et al. (2004),
pp. 2 f., DOORNBUSCH et al. (2007), p. 14, SCHMIDHUBER (2007), p. 12, FRITSCHE et al.
(2006), p. 9)."

Theoretical Potential —> Technical Potential ’Economic Potential

However, the technical potential needs to be scaled down to that part of the bioenergy stock
that can after harvesting, transport and processing — at a given time and under given economic
frame conditions — compete with the existing alternatives, in order to calculate the economic

potential (SCHMIDHUBER (2007), p. 13, WBGU (2003), p. 48)."

The only study estimating an economic potential of biofuels in 2050 has been done by FISC-
HER and SCHRATTENHOLZER (2001). According to this analysis, in 2050 the global technical
potential of bioenergy from biomass is assessed to be around 400 EJ per year, while its annual
economic potential will be 158 EJ and furthermore, only roughly one third — 53 EJ — will an-
nually be used for biofuels (SCHMIDHUBER (2007), pp. 7-14)" compared to an estimated an-

nual consumption of 850 EJ worldwide.

3.4 Status Quo of Biofuels Worldwide

In the last 32 years the world’s total primary energy consumption almost doubled from
roughly 257 EJ' in 1973 to around 479 EJ in 2005" (IEA (2007), p. 6), to which renewable
energy added 12.5 % and 12.7 %, respectively. Although in the course of various climate
change commitments since 1990 an increasing significance has been attributed to renewable

energy sources, in order that up until 2005 the absolute supply has annually gown by approx-

" For example, according to projections of SCHMIDHUBER (2007) non-OECD countries will account for 80 % of
the technical bioenergy potential in 2050 which will correspond to 320 EJ in his projection (SCHMIDHUBER
(2007), p. 10).

12 Thereby, the production costs of bioenergy are of course a crucial factor besides the price of fossil energy.
Between 50 and 80 % of bioenergy production costs are dedicated to feedstock costs alone while the remaining
part is split up to transport and processing. Further development of agricultural feedstocks and technological in-
novations regarding harvesting and converting are therefore of crucial importance (SCHMIDHUBER (2007), pp.
13-14, DOORNBUSCH et al. (2007), p. 18).

3 For comparison only, in 2004 only 0.01 Gha was used for the production of biofuels (DOORNBUSCH et al.
(2007), p. 13) which equaled to an amount of 0.9 EJ in terms of primary energy provided by biofuels in the same
year. Both figures refer to a global scale perspective. The total bioenergy from biomass provided is currently
around 46 EJ. This equals 10 % of the total current world primary energy consumption, but with more than two
thirds used as traditional biomass in developing countries (IPCC (2007), p. 276). Especially the poor heavily rely
on the use of traditional biomass — such as the combustion of wood and agricultural residues. This causes signi-
ficant negative impacts to human health due to indoor pollution as well as this kind of biomass use puts a strong
pressure on local resources (DE LA TORRE UGARTE (2006)).

41 Petajoule =1 EJ * 10° =1 J * 10" = 0.024 mtoe.

'3 Figure 3 illustrates the global consumption of total primary energy in 2005.
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imately 1.8 %, during this period the contribution of renewable energy carriers has almost
stayed constant at around 13 %. This means that the amount of renewable energy has grown
proportionally to total energy consumption (IEA (2007), p. 6, IEA (2007a), p. 3, STAIB
(2007), pp. 44 £.)'°, mainly caused by a steady rise in energy demand in developing and trans-
ition countries, e. g. India and China, where lower environmental standards are applied (IEA

(2007¢), p. 3).

Figure 3: Global Consumption of Total Primary Energy in 2005

Liquid Biomass
0.2 %

,New* RE0.1 %

Geothermics 0.4 %
Biogas 0.1 %

Nuclear
6.3 % Wastes 0.1 %

Total 479 EJ

*“new” RE = Solar, Wind and Tide energy Source: STAIB (2007), p. 44.

Looking at the structure of renewables according to their kind of use solid biomass is by far
the leader with a share of 9.6 % of global primary energy supply. This circumstance is due to
its widespread traditional use. Solid biomass is followed by hydro and geothermal power with
a share of 2.2 % and 0.4 %, respectively, to world primary energy supply. Liquid biomass,
which comprises, for example, ethanol, methanol, and vegetable oil, contributes 0.2 %'’ and
the last positions are taken by the so called “new” renewables (i. e. wind, solar and tide en-
ergy), biogas and wastes, each accounting for roughly 0.1 % of world primary energy supply
(STAIB (2007), p. 44).

Within the global primary energy supply through renewables biomass accounts for around
78.6 % (of which 75.6 % accounts for solid biomass), hydro (power) accounts for 17.4 % and
geothermal, wind, solar and tide energy together account for 4.1 % (STAIB (2007), p. 46).

Table 4 gives a short summary of the renewables” share of world primary energy supply.

'S In 2005 both, the global demand for energy as well as the absolute renewable energy consumption increased
by about 3 %, i. e. by 12 and 2 EJ, respectively (STAIB (2007), p. 44, IEA (2007a), p. 3).
170.2 % of liquid biomass corresponds to around 958 PJ.
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Table 4: Share of Renewables to World Primary Energy Supply 2005

Share of Share of the most important RE of
PES RE Share of RE Biofuels the entirety of RE (%)
Biomass/
o, (1) 1
@PJ) @®J) (%) (%) Hydro wastes Others
World | 479.103 | 60.610 12.7 0.2 (958PJ) 17.4 78.6 4.1
'Geothermal, solar, wind and tide energy Source: own illustration, following STAIB (2007), p. 46.

3.4.1 Global Biofuel Production

In recent years global biofuel production has increased continuously (see Figure 4). For the
following, the mention of biofuel refers to biodiesel and ethanol only'®, as they account for
more than 90 per cent of global biofuel usage (DUFEY (2006), p. 3)."” While biodiesel — either
in its pure form or blended with conventional fuels — is used as a fuel for diesel-powered
vehicles based on oil seed crops or other vegetable oil sources™, such as waste cooking oil,
ethanol is typically made of sugar cane®', corn, or wheat and serves as a substitute for gasoline
(REN21 (2008), p. 45). In 2006 around 45 billion litres of biofuel were produced”. Alone in
2006, this means an increase of nearly 22 % compared to 2005 when production was around
36.5 billion litres. With around 4 % the contribution of biofuels to road transportation fuels —
whose demand equals 1,300 billion litres per year — still remains relatively low (REN21
(2008), pp. 6, 8). As can be current projections forecast a (fast) growing share of biofuel to
total energy supply.

'8 Regarding the energetic use of biomass as biofuel and the respective technologies available one can distinguish
between biofuels of the first and the second generation. The production of first generation biofuels is based
solely on the utilisation of some parts of agricultural crops - such as the fruits, the seeds, and the stems — as well
as on conventional technical processes. Thereby, only saccharid, starchy, and oleiferous crops and fruits are used
(AREVALO et al. (2007), p. 7). The technologies used for second generation biofuels are currently being tested
and demonstrated, but are not expected to become commercially available before 2010 and 2015 at the soonest.
Most prominent exponents are the production of ethanol from lingo-cellulose feedstock as wood or straw and the
Fischer-Tropsch conversion of solid biomass to a synthetic fuel (Biomass-to-Liquid (BtL) (BRINGEZU et al.
(2007), p. 14). Based on this fact the thesis is only taking into consideration first generation biofuels.

1 Appendix (Table I) gives an overview different types and technologies to generate biofuels (1% generation)

2 Most common is the use of vegetable oils as for example rape-seed, palm-oil, soybean, jatropha and others
(EASTERLY et al. (20006), p. 3).

21 Around 60 % of global ethanol production comes from sugar cane (DUFEY (2006), p. 5).

22 Therefore, 14 million hectares of land were used — i. e. roughly 1 % of the world's available arable land (IEA
(2007a), p. 15)
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Figure 4: World Biodiesel and Ethanol Production, 2000 — 2007
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Source: REN21 (2007), p. 3.

1.1.1.1 Global Ethanol Production

Ethanol is by far the most widely used biofuel for transportation worldwide. Between 2000
and 2006 global ethanol production more than doubled. In this time period ethanol production
worldwide increased from almost 18 billion litres in 2000 to around 39 billion litres in 2006

(see Figure 4). This means a rise of about 120 % (MURRAY (2005), REN21 (2008), p. 13).

In 2006 global ethanol production increased from 33 billion litres in 2005 to 39 billion litres,
a jump of 18 % (REN21 (2008), p. 13). In that year the US ethanol production increased by
about 20 % and has overtaken Brazil as the world’s bioethanol production leader for the first
time. Both countries still remain by far the dominant producers worldwide (BALAT (2007), p.
201, REN21 (2006), pp. 5 f.). Within the EU, ethanol production increased by 70 %, from 913
to 1,565 million litres (LEBENSMINISTERIUM OSTERREICH (2007), p. 1). However, compared
to the US and Brazil the production levels still remain very low. Table 5 shows the production

levels of the top 10 producers of ethanol in 2005 and 2006.
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Table 5: Fuel Ethanol Production — Top 10 Countries plus EU

Fuel Ethanol Production 2005/06 - Top 10 Countries plus EU (in billion litres)

Country 2005 2006
United States 15 18.3
Brazil 15 17.5
China 1.0 1.0
Germany 0.2 0.5
Spain 0.3 0.4
India 0.3 0.3
France 0.15 0.25
Canada 0.2 0.2
Colombia 0.2 0.2
Sweden 0.2 0.14
EU Total 0.9 1.6
World Total 33 39

Source: REN21 (2008), p. 39, REN21 (2006), p. 22.

3.4.1.2 Global Biodiesel Production

Biodiesel production started in 1991. Since its beginning it has been increasing steadily.
Between 2000 and 2005 the production capacities on average grew by 32 % per year (GU-
BLER (2006)). Up until 2006 they even increased by almost 50 %, from 3.9 in 2005 to 6 bil-
lion litres (see Figure 4; REN21 (2008), p. 8). The EU is the global dominant leader in both,
production and consumption of biodiesel, whereby Germany accounts for more half of the
production with approximately 2.7 million tons.” Within the EU, biodiesel production in-
creased from 3.2 in 2005 to 4.9 million tons in 2006, a rise of about 54 % (EBB (2008)).* For
comparison, the US as the world’s second largest producer tripling its production in the same
period in 2006 only delivered around 0.85 billion litres of biodiesel (REN21 (2008), p. 14).

Table 6 gives an overview of the top 10 biodiesel producers by country.

2 Germany is followed by France and Italy producing in 2006 743,000 and 447,000 tons, respectively.

** From 2004 to 2006 the number of European countries producing biodiesel has nearly tripled. 27 states are now
producing biodiesel on a commercial scale compared to eleven countries in 2004 (EBB (2008)).
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Table 6: Biodiesel Production — Top 10 Countries plus EU

Biodiesel Production 2005/06 - Top 10 Countries plus EU (in billion litres)

Country 2005 2006
Germany 1.9 2.80
USA 0.25 0.85
France 0.6 0.63
Italy 0.5 0.57
Czech Republic 0.15 0.15
Spain 0.1 0.14
Malaysia - 0.14
Poland 0.1 0.13
United Kingdom - 0.11
Brazil - 0.07
EU Total 3.6 4.5
World Total 3.9 6

Source: REN21 (2008), p. 39, REN21 (2006), p. 22.

After more than a decade of development and commercial use in Europe, biodiesel has now
proved its value as a fuel for diesel engines. Furthermore, the massive increase in the produc-
tion of biodiesel is expected to continue in the near future (BOURNAY et al. (2005), p. 1). For
2007 the EBB forecasts that production capacity will have reached 10.3 million tons (EBB
(2008)).

3.4.2 Investment Flows

Renewable energy has obviously become popular throughout the world. Recent investment
flows provide clear evidence of this fact. While between 1995 and 2004 the average global
annual investment was about USS$ 15 billion, it was already US$ 38 billion in 2005 and fur-
ther increased to US$ 55 billion in 2006 (ROTHKOPF (2007), p. 1, REN21 (2007), p. 4,
REN21 (2008), p. 16). Figures unconfirmed, state that in 2007 investments in renewable en-
ergy would be about US$ 71 billion (REN21 (2008), p. 16). Figure 5 illustrates the investment
flows of renewable energies and, in particular, of biofuels between 1995 and 2010. According
to ROTHKOPF investment in renewable energy will have exceeded the milestone of US$ 100
billion at the latest in 2010 (ROTHKOPF (2007), p. 1).
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Figure 5: Annual Investment Flows in Renewable Energy and Biofuels, 1995 - 2010

120
EBiofuels
O Renewables
100
80
174
o 60
=
2
& 40
20
0 T T T T
Average 1995 2005 2006 2007 Projected
-2004 2010

Source: ROTHKOPF (2007), p. 1 f., REN21 (2008), p. 16, MARTINOT (2008a).

Investments in biofuels in 2005 exceeded US$ 1 billion for the first time (ROTHKOPF (2007),
p. 1). For 2006 the figure was already around US$ 4 billion (MARTINOT (2008a)).”> The value
alone of biofuel plants currently being constructed or announced to be built until the end of

2009 in the US, Brazil, and France will be around US$ 10 billion (REN21 (2008), p. 14).%

3.4.3 Global Biofuel Policies

In 2004 the number of countries with policy goals or specific targets in terms of renewable
energy was 44, whereas in 2007 this figure is said to have already increased to at least 66
countries — including all member states of the EU*” (MARTINOT (2008), REN21 (2006), p. 3).
With regards only to the national level biofuel sector policies nowadays can be found in 53
countries, states, or provinces™ compared to 22 in 2004 (REN21 (2006), p. 3, REN21 (2008),
p.- 8). Additionally the EU has set out a uniform policy target for all its 25 member countries

(see below).

» Jobs worldwide in renewable energy manufacturing, operations, and maintenance in 2006 exceeded 2.4 mil-
lion, including some 1.1 million for biofuels production (MARTINOT (2008).

%6 Thereby the USA and Brazil are each accounting for US$ 4 billion, whilst France accounts for USS$ 2 billion.
7 Appendix I (Table II) contains a list of countries having set biofuel policies.

¥ These are 13 Indian states/territories, nine Chinese provinces, nine US states, three Canadian provinces, two
Australian states, and at least 17 countries at the national level (REN21 (2008), p. 27).
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The targets are mainly achieved by direct control mechanisms and complemented by tax or
subsidy incentives. In the case of direct control the most widespread practice is ‘mandatory
blending’. In that case the government chooses either a certain percentage or a certain amount
of biofuels which has to be added to conventional fuels (RAJAGOPAL et al. (2007), p. 106)

Table 7 gives an overview of possible policy options.

Table 7: List of Policy Tools and some Examples

Type of policy Some examples

Excise tax credit for renewable energy, Carbon tax, Subsidies for flex fuel
Incentive — Tax or Subsidy | vehicles, Price supports and deficiency payments, Tariffs or subsidies on im-
ports/exports

Renewable fuel standards, Mandatory blending, Emission control standards,

Direct control Efficiency standards, Acreage control, Quotas on import/export

Enforcement of property

rights and trading Cap and trade
Educational and informa- .
. Labelling
tional programs
Improving governance Certification programs
Compensation Schemes Payment for environmental services

Source: RAJAGOPAL et al. (2007), p. 105.

In the following some examples of existing biofuel policies are given®, i. e. for the EU,

Brazil, and the USA, as they are key players on the biofuel market.

The EU set the goal that by 2010 biofuels have to account for at least 5.75 % of the caloric
value of all transportation fuels introduced. The EU member states can decide autonomously
how to reach this target (EU (2003), p. 4). Eight countries implemented a tax exemption
(REN21 (2006), p. 11).**In 2007 the European Commission has extended the objective value
up to 10 % by 2020 (REN21 (2006), p. 11).

In the US annually at least 28 billion litres of biofuels and 1 billion litre of cellulosic ethanol
have to be blended with conventional fuels by 2012 and 2013, respectively (RAJAGOPAL et al.
(2007), p. 106). This target is complemented by a tax credit of US$ 12 cent per litre of mixed
biodiesel until 2008 (REN21 (2006), pp. 10 f.). In 2007 the USA decided to extend this ob-
jective to at least 136 billion litres per year by 2022 (REN21 (2008), p. 28).

» See Fn 28.
3% These are namely France, Germany, Greece, Ireland, Italy, Spain, Sweden and Great Britain.
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In Brazil a 25 % blending of ethanol has already been in place for a long time. Since the be-
ginning of 2008 it is mandatory by law to blend 2 % of biodiesel with traditional fuels. From
2013 onwards this percentage will be increased to 5 % (REN21 (2006), p. 12). The biofuel
policy of Brazil includes a range of support policies, such as retail distribution requirements,
production subsidies, and tax preferences for ‘flex-fuel’ cars and those vehicles that run on

pure ethanol (REN21 (2008), p. 28).

3.4.4 Projections of Future Biofuel Production Worldwide

A comprehensive review of ten studies regarding a realistic future contribution of renewables
to primary energy supply until 2050 has been done by MARTINOT et al. (2007). According to
these global scenarios the total amount of primary energy needed by 2050, lies within the
range of 600 to 1600 EJ. The share of renewables is projected to vary between 70 and 600 EJ,
whereby biofuels account for between 3 and 25 % (MARTINOT et al. (2007), p. 10).

The IEA undertook two studies on this topic in 2004 and 2006, respectively. Within the first
study the IEA projects an ethanol production of about 120 billion litres per year or 3 % of all
road transportation fuels by 2020. In the same time frame the projected annual biodiesel pro-
duction is assessed to be around 25 billion litres. Thereby respective policies are assumed to
accelerate around the globe (IEA (2004), p. 168). In the framework of the latter appraisal
based on the reference share of 3 % two different scenarios are considered, (a) the “ACT”
(Accelerated Technology) scenario — which is characterized by aggressive policy intervention,
energy intensity reductions, and technology cost reductions by means of deployment and
learning and (b) the “TECH Plus” scenario, that comprises even higher technology progress
for renewables, nuclear, hydrogen fuel cells, and advanced biofuels. The projected shares of
biofuels to total road transportation fuels account for 13 and 25 %, respectively (IEA (2006a),
pp. 2-8). The World Business Council for Sustainable Development (2005) calculated some
15 % by 2050 (WBCSD (2005), p. 9). In many scenarios by 2020 second generation biofuels
are considered as well, but only with further technology development. Improvements in pre-
treatment and enzyme cost reductions are considered as necessary to commercialisation

(MARTINOT et al. (2007), p. 18).
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4 Key Challenges for a Sustainable Bioenergy Production

The prevailing opinion considers the production of biofuels as not sustainable at the most. As-
suring the sustainability of a certain production chain — i. e. the production of a specific type
of bioenergy based on a specific biomass feedstock — the following aspects tabulated by Table

& have to be taken into account:

Table 8: Key Challenges of Bioenergy

Key challenges of bioenergy

® Environmental, social, and economic matters have to be considered

* food security has to be safeguarded, i. e. it has to be ensured that the increased demand for biofuels does not
adversely affect the hungry

* biodiversity has to be protected
* competition for land and water has to be managed
* air, water, and soil pollution has to be controlled
* barriers to biomass and bioenergy trade have to be removed
Source: own illustration, following GBEP (2007), p. 2.

4.1 Environmental Impacts

4.1.1 Energy Balance

In the world of physics energy balance is defined as the “arithmetic balancing of energy in-
puts versus outputs for an object, reactor, or other processing system; it is positive if energy is
released and negative if it is absorbed.”(NO AUTHOR (2008), p. 1) In regards to bioenergy the
energy balance is positive, if the energy required to produce a certain amount of biofuel along

the entire production chain is less than its caloric value (DUFEY (2006), p. 39).

Although biomass is defined as a “renewable” resource of energy, biomass production as well
as its processing into a usable biofuel requires the consumption of other energy sources, such
as fossil fuels (KARTHA (2006), p. 1). Employing the “well-to-wheels” approach, estimates of
the energy balance are to consider this energy consumption during the production process as
well as potential paybacks due to resulting by-products (e.g. seed cake, glycerine, bagasse,

husks, etc.) respectively their energetic counter-values economized (DUFEY (2006), p. 40).”

3! Typical co-products include animal feed, glycerine, seed cake, fruit husks, and co-generated electricity just to
mention a few. For example, if the seed cake is utilized as fertilizer less fertilizer has to be produced, thus energy
for processing is saved.
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As already indicated, the amount of fossil fuel used varies according to the type of biomass

used and the production method applied® (KARTHA (2006), p. 1).

With respect to feedstocks annual crops generally have higher energy requirements compared
to perennial crops as they demand a greater use of machinery and higher levels of chemical
additives. For example, some biofuels from perennial crops such as poplar, sorghum and
switchgrass if grown in temperate climates result in energy ratios (i. e. the quantity of useful
bioenergy produced per unit of fossil fuel consumed) in the range of 12 to 16 units. These fig-
ures can even improve, if cultivation is done in tropical climates with abundant rainfalls —
leading to both, higher yields and less energy requirements due to more labour-intensive agri-
cultural practices being applied (KARTHA (2006), p. 1). Energy ratios of annual crops, on the
other hand, can be much lower. E. g. Brazilian ethanol from sugar cane — which is viewed as
one of the most energy efficient forms of ethanol — has an average energy ratio of 8.3 units,
estimates with respect to the energy ratio of wheat-based bioethanol in the EU range between
0.81 and 1.03 units, whereas results for rape based biodiesel showed a ratio even below 1 unit

0f 0.33 to 0.82 units (DUFEY (2006), p. 40, KARTHA (2006), p. 1).

Differences in energy ratios suggest that the use of those crops is preferable as they offer the
best energy balances as compared to crops with lower ratios (DUFEY (2006), p. 41). However,
due to political incentives biofuel markets do not necessarily develop in favour of these crops.
This is an interesting fact, as the highest levels of domestic agricultural support exist in indus-
trialised countries while the crops with the best energy potential are grown in tropical devel-

oping countries.

4.1.2 Greenhouse Gas Emissions

A major advantage associated with bioenergy is the ability to reduce greenhouse gas (GHQG)
emissions, thus to help mitigate climate change, since its use is carbon neutral” (FRITSCHE et
al. (2006), p. 18). However, a comprehensive analysis requires the inclusion of all GHGs,
such as nitrous oxide (N,O) emitted in significant amounts in the context of fertilizer and
pesticide production and application. Moreover, every single step within the bioenergy pro-

duction chain — from cultivation over downstream processing right up to storage and trans-

32 Fuels can be consumed by farm machinery in land preparation, planting, tending, irrigation, harvesting, stor-
age, and transport; fossil feedstocks for chemical inputs such as herbicides, pesticides, and fertilizers; and energy
required for processing the bioenergy crop into a usable biofuel as mentioned above

3 Only the carbon dioxide which has been absorbed during plant growth is again released to the atmosphere
(FRITSCHE et al. (2006), p. 18).
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portation — requires is linked with fossil energy consumption and therefore, with additional

GHG release (SRU (2007), p. 40).

Another meaningful factor to assess the overall GHG balance from bioenergy supply refers to
the effective use of by-products resulting from bioenergy conversion and processing, which

could partially offset the GHG emissions caused by the cultivation (FRITSCHE (2006), p. 18).

Furthermore, land use changes for the cultivation of bioenergy crops can have a tremendous
impact on the GHG balance, besides the subsequently following production system (annual or
perennial, extensive or intensive cultivation) highly depending on the type of land replaced.
Estimations assume that the GHG emissions caused by the clearance of natural forest and dis-
placement by energy crops will at least take around 45 years to be offset (KARTHA (2006), p.
2, FRITSCHE et al. (2006), p. 18).* If, additionally, social and environmental issues, such as
the reduction in forest habitats meaning a threat to species that inhabitat these unique ecosys-
tems and diminishing other important environmental services from forests, are taken into ac-
count, there can be no justification for any carbon benefits from bioenergy crops (GBEP
(2007), p. 2, KARTHA (2006), p. 2). On the other hand, if a bioenergy crop plantation replaces
degraded land, the land could benefit from revegetation. The carbon fixed by the new plants
will be higher than compared with the former land type use, also including the carbon in the
soil and other below-ground biomass. In the latter case a land use change could not only be
beneficial by displacing fossil fuels, but also carbon and other ecosystem benefits can result

(KARTHA (2006), p. 2).

A comparison of GHG balances of different paths of biomass use proved that heat and power
can potentially be provided with the highest GHG savings (KALIES et al. (2007), p. 132). By
assessing the potential to reduce GHG emissions the reference system considered is crucial. In
case that a CO,-intensive technology is replaced, as for example the use of coal, savings are
most effective. Thereby the GHG savings potential of biomass is three times as high as that of
current biofuels (SRU (2007), p. 53). The potential of liquid biofuels to save GHG emissions,
on the other hand — as already mentioned — varies by region, technology and feedstock.
Brazilian ethanol is currently producing the largest savings with up to 90 % of GHG emis-
sions compared to fossil fuels. In the case of maize-based ethanol the achieved savings are far

lower. They are estimated to be around 13 % (FARRELL et al. (2006), pp. 506-508). In a study

** Another study, undertaken by SCHMITZ (2007) estimates a recovery period of 30 years (SCHMITZ (2007), p.
1475).
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published by KALIES et al. (2007) in Germany biodiesel is saving up to 54 % of GHG emis-
sions compared to mineral-oil-based diesel. The use of B5 (5 % blending of biodiesel to dies-
el) or B10 (10 % blending) is saving 3 and 6 % of GHG emissions, respectively (KALIES et al.
(2007), p. 132).

4.1.3 Impacts on Soil

Depending on the type of cultivation method applied as well as the respective bioenergy crop
itself — as the numerous possible feedstocks differ from each other concerning criteria like an-
nuity or perenniality and yield as well as water, fertilizer and pesticide use — the ecological

impacts on the soil can vary greatly (SRU (2007), p. 42).

The overuse of irrigation, agrochemicals and heavy harvesting equipment can cause eutroph-
ication of habitats, acidification of soils, increased emissions of nitrous oxide (N,O) and
methane. Thus, it contributes to the reduction in fertility of the soils. Additionally, soil erosion
and degradation can be intensified even more due to field enlargement and the inappropriate
use of machinery (SRU (2007), p. 51, FRITSCHE et al. (2006), p. 19). On the other hand, if
managed appropriately, bioenergy cultivation could improve soils, reduce erosion, increase
soil carbon, and even help to reclaim degraded land for sustainable use. Especially perennial
crops are qualified to do so, as they establish year-round soil coverage (FRITSCHE et al.
(2006), p. 19). In general, it can be noted that perennial compared to annual biomass crops are
having less negative effects on the soil due to a lower demand of treatment (EEA (2006), p.

15).

Potentially decreasing the advantageousness of biomass production, it is to be mentioned, that
the collecting of agricultural and forestry residues (e.g. straw, wood thinnings) as energy car-
riers could cause a reduction of humus creation and soil carbon as well as nutrient exports,
which would contribute to a decline in soil fertility and structure and thus, to erosion and de-
gradation (FRITSCHE (2006), p. 19, KARTHA (2006), p. 2), accompanied by a faster water run
off, a loss of habitat and negative impacts on GHG sinks (RODE et al. (2005), pp. 23, 115).

4.1.4 Impacts on Water

The cultivation of water-intensive bioenergy feedstocks, such as short rotation crops like pop-

lars or willows, can cause serious environmental problems being the greater the larger the
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scale and the dryer the location is (SRU (2007), p. 43). The result can be a water shortage,
with the lowering of water tables and water levels in rivers and lakes. The consequence of in-
creased water abstraction include salinisation, the loss of wetlands and the disappearance of

habitats by the creation of dams and reservoirs, the drying-out of rivers and a shortage in local

water supply (EEA (2006), p. 15).

In addition to the potential conflicts concerning the amount of water required for irrigation,
ground and surface water supplies could be contaminated by agrochemicals (fertilizers, pesti-
cides, fungicides) which are applied during the stage of cultivation. The consequences can be:
a degraded water quality, effluent run-off problems, and — in some cases — negative impacts
on downstream ecosystems (FRITSCHE et al. (2006), p. 19, DUFEY (2006), p. 45). Besides
these ecological problems some biomass crops, for example sugar cane, are in direct competi-

tion with food crops for irrigation water (KARTHA (2006), p. 2).

4.1.5 Impacts on Biodiversity

The cultivation of bioenergy crops can affect biodiversity tremendously. The greatest threat to
biodiversity associated with increased biomass production refers to the expansion of the agri-
cultural frontier, as there already is an intensive competition for land between agriculture,
forests and urban uses (DUFEY (2006), p. 44). This would mean “the loss, fragmentation and
degradation of valuable habitats such as natural and semi-natural forests, grasslands, wetlands
and peat lands and other carbon sinks, their biodiversity components and the loss of essential
ecosystem services” (UNEP (2007), p. 36).” Moreover, instead of a reduction of GHGs,
forest conversion will cause multiple emissions than can be fixed by any energy crop planta-
tion (see Section 4.1.2). Once having converted forest into agricultural area, the question for
the applied cultivation method arises. Shifting from a diverse to an intensive cultivation and
monocultures, the variety of natural species as well as the typical local agro-biodiversity is re-

duced (SRU (2007), p. 48).

In the course of an increased biomass use the incentive to use decumbent or standing dead

wood is more attractive in the future. As these woods are crucial to many endangered species

** The worldwide growing interest in biofuels has already led to the replacement of tropical forests by palm oil
and soy oil plantations in Malaysia and Indonesia, and in Brazil, respectively, in order to produce biodiesel
(FRITSCHE et al. (2006), p. 15, GBEP (2007), p. 2). Moreover, Malaysia and Indonesia plan to increase their
biodiesel production annually by 248 % respectively 143 % until 2012 (BRAUN (2007), p. 9).
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in the forest, serving as a refuge, using these woods would mean a further reduction of biod-
iversity (SRU (2007), p. 48). Furthermore, the foliage contains nutrients, which, if they are
left in their place of origin, enrich the soil and, in this manner, protect the roots as natural

means of soil erosion control (see Section 4.1.3).

Another threat to biodiversity is expected to result from the field of biotechnology. Concerns
already arose due to long-term — generally unpredictable — consequences of the uncontrolled
introduction and spread of genetically modified organisms (GMOs) into soils, organisms, and
crop populations (SRU (2007), p. 52, UNEP (2007), p. 36). At present GMOs with respect to
bioenergy crops are still in their early stage of development and, yet, only applied on test
areas (SRU (2007), p. 52). Regardless of the fact, that genetic improvement of feedstocks is
assessed to be necessary in order to improve both the economic as well as the energy effi-
ciency, the pros and cons accompanied by the potential spread of GMOs demand further in-

vestigation (DUFEY (20006), p. 45).

By contrast, bioenergy crop production can also create an environment that is more biodiverse
and similar to a natural habitat than other agricultural options, thus, biomass, respectively
biodiversity could be enriched (KARTHA (2006), p. 2). This is most likely in case of perennial
crops like trees and grasses that require lower inputs and can be cultivated on degraded land,

thereby promoting land restoration (DUFEY (2006), p. 44).

4.2 Social Impacts of Biomass Production

4.2.1 Land Availability

An intensification of agricultural land use as well as further pressure on land expansion is
already expected due to a growing demand for food and fodder, and wood as a consequence
of global population growth, economic development, changes in diet and increasing opportun-
ities to export food and fodder (FRITSCHE et al. (2006), p. 11, SRU (2007), p. 60). As a con-
sequence of intensified agricultural production the area of available land is further reduced
due to ongoing degradation®® and salinisation of currently cultivated land, limits of irrigation

and continuing desertification (FRITSCHE et al. (2006), p. 11).

% At present, degraded land worldwide is assessed to be about 1 billion hectares which represents a minimum
bioenergy potential of around 100 EJ per year (FRITSCHE et al. (2006), p. 11).
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Due to the fact, that both require identical production factors, the potential future increases in
bioenergy crops is competitive with the production of crops for food and feed and therefore,
putting pressure on increased land use, too (SRU (2007), p. 60). As energy markets are great-
er in value terms than agricultural markets, prices for agricultural commodities which can also
function as energy crops are rising (SCHMIDHUBER (2007), p. 19, NYBERG et al. (2007), p. 3).
Hence, there is a clear correlation between the price development of energy crops on one hand
and food as well as feed prices, respectively, on the other hand. According to SCHMIDHUBER
((2007), p. 49) the recent trends will lead to a reversal of the decline in real agricultural prices
continuing over the last 40 years including prices for land and other production factors. Ac-
cordingly, a shift from high to low quality land for food production purposes is likely to oc-

cur, as it is less profitable than biomass production.

4.2.2 Food Supply and Food Security”’

At present the global food production is sufficient to supply the entire global population.™
Hence, the fact that malnutrition and nutritional deficiency is still existent is not a problem of
production but rather a problem of allocation — predominantly due to missing purchasing
power but also for several other reasons® (SRU (2007), p. 61, DUFEY (2006), p. 49, CASS-
MANN et al. (2007), p. 20). In this context a major concern linked to growth in bioenergy pro-
duction is that it could exacerbate the situation of food security, especially in developing
countries, since a greater demand for biofuels will lead to a drawback of land from other pur-
poses like food production, which could in fact lead to food shortages and higher food prices
(DUFEY (20006), p. 48, see also Section 4.2.1). On the other hand, biomass production can also
contribute to alleviate poverty and improve food affordability by creating jobs and incomes

(FRITSCHE et al. (2006), p. 14).%

" The FAO defines food security as a ,,situation that exits when all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food that meets their dietay needs and food preferences for an
active and healthy life* (FAO (2002))

3 Nevertheless, 854 million people in this world suffer from hunger, and although the proportion of undernour-
ished has declined over recent years, absolute figures have remained constant (GBEP (2007), p. 4).

** Food security is indicated by a plethora of factors, such as the percentage of people who are chronically under-
nourished, adult literacy (particularly female), the proportion of household income spent on food, population
growth, per capita GDP growth, agriculture‘s contribution to GDP, health expenditure as a percentage of GDP,
the proportion of adults infected with HIV, the number of food emergencies, the UNDP Human Development In-
dex, the degree of export dependence, domestic food production (food availability), purchasing power (food ac-
cess), access to water and sanitation facilities (food utilization) (FRITSCHE et al. (2006), p. 14).

40 In Brazil the sugar cane-ethanol industry accounts for 4.2 million jobs. In Indonesia the palm oil industry is ex-
pected to create 2.5 million jobs over the next three years (CASSMANN et al. (2007), p. 20).
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The potential impact of the continuously increasing bioenergy demand on food security is
highly context specific and complex. It is obvious, that net buyers of food will be hit negat-
ively by a persisting bioenergy boom. This would — most likely — affect small farmers in mar-
ginal areas, urban and land-less rural and urban poor as their major part of total household ex-
penditures is spent for basic commodities such as maize and sugar (SRU (2007), p. 61). On a
national level this is especially problematic to most of the LDCs as they are net buyers of both

energy and food (BRAUN et al. (2007a), p. 40, SCHMIDHUBER (2007), p. 41).*

4.2.3 Land-Use Conflicts

In many developing countries rural dwellers have neither a formal ownership over the cultiv-
ated land nor formal rights to water access. As an increasing production of energy crops, es-
pecially large-scale feedstock production, probably goes along with an expansion of the agri-
cultural land, potentially evoking conflicts over land rights and ‘landlessness’ issues in many
developing countries. As a consequence, rural population could be forced to migrate, losing
their access to key forest resources and ecosystem services (DUFEY (2006), p. 49). Also the
use of marginal and degraded lands — which some countries, including India*, have singled
out for bioenergy development — for the production of biomass can even further intensify
problems for poor households as in many cases this land provides important subsistence func-

tions to the most vulnerable part of the population (GBEP (2007), p. 3).

4.2.4 Other Impacts

According to the general set-up, biomass cultivation can have negative impacts on working
conditions, such as the disregard of safety precautions, the exploitation of workers by very
low wages, forced overtime, child and forced labour® (quasi-slavery). Workers" health can be
affected especially by the (incautious) use of pesticides or from air pollution due to the burn-
ing of fields. Environmental damage or contamination going along with the cultivation of bio-

mass can also have indirect impacts on the local population. For example, the quality of

At present, compliance with the standard of food security is extremely difficult to measure, since there is no
direct link between food (in) security and bioenergy, and quantified expressions of food-security levels only
seem possible on a countrywide scale, where factors such as employment, income distribution, welfare expendit-
ure, legal rights (especially of land ownership), and education are far more important than the impact of local
bioenergy crop production (FRITSCHE et al. (2006), p. 14)

*2 The Indian government has planed that by 2012 some 14 million hectares of the energy crop Jatropha will be
cultivated on ‘wasteland’ (NO AUTHOR (2007), p. 3).

# For example in remote areas in Brazil child and forced labour is a serious issue in the agricultural sector. “For
example, various newspapers reported in mid 2007 a case of more than 1000 “slave workers” who were forced
to live and work in an agricultural production unit in the Amazon area.”(SCHMITZ (2007), p. 1475)
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drinking water can decrease due to water pollution whilst soil erosion can reduce the area for

future cultivation (FRITSCHE et al. (2006), pp. 20 f., SRU (2007), pp. 61 f.).

4.3 Economic Impacts

The economic viability of biofuels predominantly depends on the economic costs of its pro-
duction as well as on the market prices of biofuels, indirectly dependant on the world market
prices of fossil fuels. Moreover, the existence of a suitable infrastructure for transport and dis-
tribution of both the feedstock and the biofuel is of importance, especially in most developing
countries where a lack of infrastructure prevails and therefore, puts a constraint on the devel-

opment of the biofuels sector (DUFEY et al. (2007), p. 6).

Production costs can vary greatly according to the type of biofuel, feedstock, the country of
provenance and the technology used (DUFEY et al. (2007), p. 6). Thereby, feedstock costs are
responsible for the lion’s share of production costs of biofuels (50-70 % for ethanol; 70-80 %
for biodiesel). Hence, a change in feedstock costs can have a huge effect on overall costs
(BRAUN (2007), p. 19). Additionally, costs for labour and other inputs, environmental compli-
ance costs during the production process, costs of conversion (including investment needs)
have to be considered. On the revenue side income is generated by the respective biofuel itself
as well as by co-products. In general, it can be said, that small-scale operations cause higher

costs than large-scale operations (DUFEY et al. (2007), p. 6).

Alongside production cost global prices of crude oil determine the profitability of biofuels.
Estimates show that according to production costs sugar cane produced in Brazil’s south
centre region is already coming competitive when the oil price reaches US$ 28 per barrel
while Brazil’s average lies at US$ 35 per barrel.* By contrast the BtL production in Europe is
not competitive unless the oil price reaches a barrel price of almost US$ 100 (SCHMIDHUBER

(2007), pp. 20 f.). Figure 6 comprises different feedstocks, farming systems and fuels and

At present Brazil is the most cost-efficient producing country for bioethanol. The production cost for one litre
biofuel from sugar cane is around US$ 0.25 (DUFEY et al. (2007a), p. 19). Countries as Thailand, Pakistan,
Swaziland and Zimbabwe face production costs similar to Brazil’s (DUFEY (2006), p. 38). The US, China and
Australia have production costs differing roughly between US$ 0.40-0.50 whereas within the EU production
costs are highest, varying from US$ 0.51 to 0.80 per litre of biofuel. Regarding the production costs of biodiesel
there is no dominant leader like Brazil for bioethanol. The most cost efficient producing countries are within the
EU, the US and India sharing a maximum cost-efficiency of US$ 0.40 per litre. Within these countries cost-effi-
ciency strongly vary and can reach up to US$ 0.80 per litre of biofuel as it is the case within the EU (DUFEY et
al. (2007a), p. 19). APPENDIX I (Table III) gives an overview of production costs for bioethanol and biodiesel
for selected countries.
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their particular break-even points with respect to compete with the crude oil price per barrel

for selected countries.

Figure 6: Parity Prices for various First Generation Feedstocks

Parity prices: Petrol=Crude oil = Ethanol

Various feedsiocks and farming‘production systems

120
100 -
r=}
=1
=
=
= = o o & /"_..-i"
L s |
0 il
1]
a (| a2 3.3 0.4 a5 08 ar (¥
Petral, LISHA
—— Faz0line — Crude ST Cane Brazil, top producers
Cane, Bragl, average Cazsava, Thaioil, 2 mio i
; Cassava, Thailland, OTC joint verture Maize, U=
Mixed feedstock E rope =1 Palmail, MBOP project

BTL: Synfuel=unfuel

Source: SCHMIDHUBER (2007), p. 22.

Due to the fact, that the biofuel sector is usually not commercially viable without assistance®
— at least in the early stage of sector development — current biofuel growth has mainly been

driven by the respective policy incentives so far, thus, exerting pressure on government reven-

ues (GBEP (2007)).

Due to the instantaneously high global petrol price — which currently is more than US$ 100
per barrel — biofuel production has temporarily become economically feasible in some coun-
tries without sustained governmental support. The continuation of this price trend would c. p.
expand and improve the chance for other biofuels programs, too (DUFEY et al. (2007), p. 6).
Nevertheless, it is realistic to assume that a more intense competition from alternative fuels

traded in large quantities on a global scale will cause a decreasing oil price in the medium to

4 Currently just a few modern bioenergy technologies are viable at market prices. These include brasilian sugar-
based ethanol and wood-based heating in Northern Europe, and importantly industrial applications based on
residues from production processes, for instance in sugar factories and timber mills (GBEP (2007)).
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long term (DUFEY (2006), p. 38). Therefore, governmental support is assumed to remain a

prerequisite to biofuels sector development.
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5 Assessing the Sustainable Jatropha Production in San Martin, Peru

5.1 Country information of Peru

As the previous chapter has shown, numerous important problems and conflicts could arise
from an increased bioenergy supply affecting the environment, society, and the economy
(FRITSCHE et al. (2006), p. 6). The extent to which the aforementioned problems might occur,
respectively, whether they outweigh the potential benefits, depends on the respective frame
conditions (political, judicial, (macro-) economic). Therefore, in the following — after a gener-
al introduction of Peru with special focus on the agriculture as well as the energy sector is
given, basic information of the Peruvian biofuel sector is provided as the basis for further ana-

lysis.

5.1.1 Geography and Climate

Peru is situated in Western South America at the South Pacific Ocean. Its bordering countries
are Ecuador and Columbia to the North, Brazil in the West, Bolivia in the Southwest and
Chile in the South. Peru has a total area of 1,285,220 km®. This almost equals the size of
France, Germany and Italy together. 5,220 km’ or 0.41 % of the country’s surface is covered

with water (WORLD FACT BOOK (2008)).

Peru has the most diverse climate in the world including 28 out of 32 possible climate zones
Although reality is by far more complex, in general the Peruvian climate zones can be distin-

guished between the coast, the Andes and the Amazonian rainforest.

The climate on the coast is generally subtropical and receives only little rainfall. It ranges
from warm-semiarid in the north to cool-arid on the south coast. The average temperature is
around 18 to 20 °C (FAO (2008)). The central and southern coastal climate varies by season.
In winter — from April to October — the temperature ranges from 8 at night to 23 °C during the
day, and in summer — from November to March — between 18 to 30 °C. Rainfall in summer
rarely exceeds 10 mm while the rainy season is from May to October with a precipitation

between 10 and 150 mm.

The north coast is characterized by hot humid and sunny conditions almost throughout the

year. Lowest temperatures in winter range from 14 to 18 °C at night and 22 to 29 °C during
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the day. In summer temperatures vary between 20 and 23 at night and 28 and 38 °C during the
day. While in summer rainfall is around 200 mm, in winter there is no rainfall (FAO (2008),

PEP (2008)).

In the Andes two seasons occur, a dry season from April to October and a rainy season from
November to March. The first is characterised by sunny days, cold nights and mornings and is
very dry with almost no rainfall while the latter predominantly features frequent rain showers
with generally more than 1000 mm. During the rainy season snowfall occurs frequently above
5000 m and occasionally above 3800 m. According to the altitude, the temperature ranges
from an annual average of 18 °C in the lower situated valleys to an annual average below 0 °C

in the highest altitudes (PEP (2008)).

The Peruvian rainforest is characterized by a temperate subtropical climate and a high humid-
ity throughout the year. The rainy season starts in November and ends in March, but also dur-
ing the dry season rain showers can occur occasionally. Total rainfall is around 3000 mm per
year. The dry season lasts from April to October — with temperatures most of the times above
35 °C. In May and August cold snaps occur occasionally in the southern part of the rainforest
leading to temperatures between 8 and 12 °C due to cold fronts coming from the South (FAO
(2008), PEP (2008)).

5.1.2 Sociological Context

Peru’s population is estimated to be around 28.5 million in 2007 (WORLD FACT BOOK
(2008)). The population growth rate is about 1.6 % (CARE (2008)). The linguistic and cultur-
al structure is very diverse. Besides of two official languages — Spanish and Quechua — Ay-
mara and a number of minority Amazonian languages exist (BBC (2008)). The ethnical mix-
ture is predominantly determined by two groups. The Amerindians — indigenous people of
the Americas — with a total share of 45 % and the so-called Mestizos — mixed indigenous and
white people — with a share of 37 %. White people account for 15 % while black, Japanese,
Chinese and others account for 3 % (WORLD FACT BOOK (2008)).*

* Table 9 gives an overview of selected key factors of the socio-economic situation of Peru.
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Table 9: Selected Key Facts of the Socio-economic Situation in Peru

Indicators

Population (in million) 28.67 Life expectancy at birth in years 70.14

Annual Population Growth rate (in %) 1.61 % (2007 est.)
Female 72.04
Male 68.33

Religion (2003 est.)

Roman Catholic 81 %

Seventh Day Adventist 1.4% Population undernourished (% 12 %'

Other Christian 0.7 % of total population (2004) 25 %

Other 0.6 %

Unspecified or none 16.3 %

Literacy - age 15 and over; read & write

(2004 est.) 87.7% Population using improved wa- 83 %

Female 82.1 % ter sources (2004 est.)

Male 93.5%

Average Structure of Age (2007 est.)

0-14 years 30.3% HIV/AIDS — adult prevalence 0.5 %

15-64 years 64.2 % rate (2003 est.) e

65 years and over 54 %

Urban Population 73 % Population below 1 /2 US$/day 10.5% &
(1990-2005) 30.6 %

Human Development Index rating 87 (out of

(2007/08) 177)

" Source: FAO (2008). Source: CARE (2008), WORLD FACT BOOK (2008),
% Source: BECKER (2007). UNDP (2008), FAO (2007).

5.1.3 Political Context

According to the constitution, the Republic of Peru is a unitary and decentralised state. The
government is representative, decentralised and based on the principle of separation of
powers. The president is eligible only for a single five-year term. At the moment Alan Garcia
Perez is occupying the presidential office. He was elected in 2006 and his term ends in July

2011 (PEP (2008)).
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Figure 7: Administrative Structure of Peru
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The country is divided into 24 departments (see Figure 7), further subdivided into 195
provinces and 1,828 districts, respectively, with each department having its own capital. Since
the regionalisation of the country in 2002 each of the departments is a self-governing unit
with agencies elected directly including political, economic, and administrative autonomy
within the scope of the department. Peru belongs to the ten-member Andean Community of
Nations (CAN), which was founded in 1969. The objective of the CAN is the achievement of
economic, political and social integration among the member countries (WIKIPEDIA (2008)).
Furthermore, Peru participates in several international organizations such as MERCOSUR,

UN or WTO just to mention a few (WORLD FACT BOOK (2008)).

5.1.4 Economic Context

Until the early 1990's the Peruvian economy mainly featured reforms made by the govern-
ment of Juan Velasco Alvarado from 1968 to 1975. These included price controls, protection-
ism, restrictions of foreign direct investment, and the nationalisation of most companies. The
reforms failed and its objectives - income redistribution and the end of economic dependence
on developed nations - were not achieved. In the early 1990’s the government of Alberto

Fujimori broke up significantly with the old economic policy introducing liberalisation cover-
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ing all afore mentioned aspects. Except for some years following the Asian financial crisis in
1997, the reforms led to a continuous economic growth from 1993 onwards (WIKIPEDIA
(2008)). Between 2002 and 2006 the mean annual growth rate was more than 4 % and
reached 7.5 % in 2007 (WORLD FACT BOOK (2008)). The growth is mainly driven by tradi-
tional export sectors such as fisheries and mining whose production levels are growing con-
stantly due to continuously rising world market prices for metals and minerals. The fiscal
policy turned much more prudent and transparent, which has led to a more stable exchange
rate as well as a low inflation. Despite Peru’s macroeconomic progress, problems like under-
employment, poverty and social end economic inequality remained persistently high for large
parts of the population (EU (2005), WORLD FACT BOOK (2008), FOREIGN AND COMMON
WEALTH OFFICE (2008))."

Table 10: Overview of Key Figures of the Economic Situation in Peru

GDP (in billion US dollars in 2007) 84.54
GDP - average annual growth rate (in % from 22/64/17.5
1990-2005 /2006 / 2007)

GDP per capita (in 2005 in US §) 2838
Inflation rate 2006 (consumer prices; in %) 1.14

GDP by sector (in %) in 2007

Agriculture 8.4
Industry 25.6
Services 66
Labour force in 2007 — (in million) 8.9
By occupation per sector (in %)

Agriculture 31.2
Industry 18.9
Services 49.9

Employment
Unemployment rate (in %) 8.9
Underemployment rate (in %)* 51.4
Budget in billion US$ in 2007

Revenues 30.35
Expenditures 29.8

Sources: IndexMundi (2008), EMERY (2008), INEI (2007), INEI (2008),
WORLD FACT Book (2008), UNDP (2008), RODRIGUEZ (2005)).

With regard to international trade, Peru has a positive balance. In 2007 exports accounted for
27.1 billion, while imports accounted for US$ 18.8 billion, leading to a trade surplus of US$

9.4 billion. Major trading partners are the US, China and other Latin American countries. The

" Table 10 gives an overview about key figures of the economic situation in Peru.

* The underemployment rate indicates the part of the population having a job but working less than 35 hours per
week or working 35 hours or more a week and earning less than a minimum wage to secure one's livelihood.
The average underemployment rate of 51.1 % is composed of 45.1 % in urban and 62.8 % in rural areas
(RODRIGUEZ (2005)).
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Peruvian export structure is heavily depending on minerals and metals and therefore, the eco-

nomy is subject to fluctuations in world prices (WORLD FACT BOOK (2008)).

5.1.5 The Agricultural Sector

Although the participation of the agricultural sector to Peru’s GDP (8.4 % in 2007; see Table
10) is relatively low compared to the service and industry sector, agriculture is of great socio-
economic relevance. It employs 2.8 million people or 31.2 % of Peru’s economically active
population, but altogether 31.6 % of the population (8.1 million people) are living from agri-
culture (MINAG (2008)).

The total area of Peru is 128.5 million ha of which about 2.9 % is arable land. Of this 3.7 mil-
lion ha of arable land 15.8 % is dedicated to permanent crops. Around 28 % of this area is ir-
rigated. Pasture land has a share of 13 % and degraded land accounts for roughly 14 % of the
total area. Absolute figures are given in Table 11. Major agricultural products are sugar crops,
fruits & vegetables, roots & tubers and cereals. Table 12 gives an overview about agricultural

production according to the product group.

Table 11: Land Data of Peru

Land Data In 1000ha
Total Land area 128 500
Arable land with permanent crops 585
Arable land used otherwise 3115
Pasture Land 16 900
Total land area irrigated 1036
Total degraded land 17 900

Sources: FAO (2005), FAO (2007).
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Table 12: Structure of Agricultural Production in 2004

Product Groups Production in 1000t
Sugar Crops 9 680
Fruits & Vegetables 5720
Roots & Tubers 4 400
Cereals 3389
Milk 1285
Meat 958
Pulses 185
Oilseeds (oil equiv.) 82
Other 445
Total 26 144

Sources: FAO (2007).

According to the FAO (2007), cereals, fruits & vegetables, roots & tubers, milk and sugar ac-
count for the largest share of consumed foodstuff. The main food crops are sugar, rice, pota-
toes, wheat, and maize. Among the tree crops coffee remains by far the most important one.
Poultry is the most consumed meat in Peru followed by Pig and Bovine Meat (FAO (2007).

In 2006 exports of agricultural products accounted for only 2.4 % of the total export value or
— in monetary terms — US$ 573 million compared to a total of 23.8 billion US$. Main agricul-
tural export goods in 2006 in terms of value share were coffee (89.9 %) followed by sugar re-
fined (7.5 %) and Cotton (1.2 %). Agricultural imports accounted for 3.1 % (468 million
USS$) of the total value of national imports (14.9 billion US$). Main agricultural imports were
wheat, soybean and maize (BCRP (2006), pp. 61-66).

5.1.6 The Energy Sector

The total energy consumption of Peru in 2006 was 498,121 TJ compared to 477,173 TJ in
2005, corresponding to a growth of about 4.4 %, whereby secondary energy accounted for the
largest share of 77.6 % and primary energy for 22.4 %. Within secondary energy consumption
diesel oil with 33 % was the greatest part, followed by electricity with 22.7 %. In case of
primary energy the use of wood was by far the largest (66.9 %), followed by cow pats &

Yareta.”” The consumption structure corresponding to energy sources is shown in Figure 8

¥ Yareta (Azorella compacta, also known as Azorella yareta) is a tiny flowering plant in the family Apiaceae
native to South America, occurring in the Puna grasslands of the Andes in Peru at between 3200 and 4500
metres altitude (WIKIPEDIA, 2008).
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Figure 8: Total Energy Consumption by Sources in 2006
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or 25.7 % to total final energy consumption

In 2006 the trade balance for primary energy was negative, while the one for secondary en-
ergy was positive. In that period Peru realised net imports of crude oil in the amount of
163,515 TJ (213,930 imported — 50,414 exported) and net carbon imports of 21,237 TJ (no
exports). Net exports of secondary energy carriers, in this case only fossil fuel derivatives, ac-
counted for 44,775 TJ (95,243 exported — 50,468 imported), whereby gasoline accounts for
38.3 % of gross exports (MEM (2006), pp. 8-18). While Peru is a net exporter of gasoline, it
is a net importer of diesel. This deficient status of the diesel production causes first a high de-
pendence on imports and second continuously growing expenses due to constantly increasing

oil prices (AREVALO et al. (2007), pp. 9 £.).”!

Despite total energy consumption in Peru has increased significantly within recent years —
from 373,265 TJ in 1990 to some 498,121 TJ in 2006 — the repartition among the population
remains uneven. Only a share of 79 % of the total population has access to electricity while in

rural areas this figure is only about 30 %. More than six million people do still not have any

*In Appendix I (Table IV) a more detailed overview about the final energy consumption according to each
single source is given.

> In 2006, the average daily demand for fossil fuels in Peru was about 168 million barrels per day of which
around 60 million barrels per day corresponded only to diesel oil consumption. Only 25 % of the entire diesel oil
demand was made of national crude oil whereas the major share of 48 % was produced with imported crude oil
and another 27 % was directly imported as diesel oil. In other words, three quarters of diesel which is consumed
in Peru is imported (AREVALO et al. (2007), pp. 9 f.).
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access to electricity (MEM (2006), p.18, MEM (2008)). Although in 2006 the use of fire
wood as an energy source represents only 15 % of the total energy consumption, only in the
private sector energy from fire wood accounted for more than 57 % of the total energy con-
sumed. That means that more than half of the energy consumed by households and companies
is based on traditional biomass. Besides problems with respect to deforestation, this causes
serious health problems among the population, such as respiratory diseases (AREVALO et al.

(2007), p. 5, MEM (2006), p. 18).

5.2 Biofuels in Peru

5.2.1 Introduction

In recent years biofuels have gained increasing attention in Peru, and (some first) important
steps — such as the establishment of a regulatory framework and mandated blends of biofuels
— were made to promote the domestic biofuels industry. Furthermore, investments and the
creation of R&D incentives are already planned in order to supplement these first measures.
The motivation behind is the wish of the Peruvian government to modify the actual energy
matrix in order to decrease the strong reliance on non-renewable energy resources — which ac-
count for around 70 % of the current energy supply — by developing sources of renewable
primary energy which are abundantly available within the country (MEM (2007), p. 33).
Thereby, the domestic production of biofuels shall contribute to a reduction of fossil fuel im-
ports - such as crude oil in first and diesel oil in second place (see Section 5.1.6) — accompan-
ied by currency exports in order to enhance the national energy security (CASTRO et al.
(2008), p. 141). Additionally, biofuels are regarded as an instrument to reduce pollution, to
foster rural development, to create jobs across the country, and to combat the production of il-

legal drugs in Peru (ROTHKOPF (2007), p. 99).

5.2.2 Government Policies

Peru’s legal framework for the promotion of its biofuel sector is based on two instruments,
first, the Biofuel Market Law No. 28054 (Ley N° 28054 — “Ley de Promocién del Mercado de
Biocombustibles) — also called PMB Law —passed in 2003 (Republica del Perti (2003)) and
second, the Surpreme Decree N° 013-2005-EM (Reptblica del Pera (2005)) enacted in 2005.
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These two laws constitute national production and commercialisation targets regarding the

blends of biodiesel to diesel as well as ethanol to gasoline, i.e.

* By the 1st of January 2009 respectively 2011 it will be mandatory to sell blends of biod-
iesel with conventional diesel of 2 % and 5 % in the latter case. These blends will be de-

nominated Diesel B2 and Diesel B5.

* By the Ist of January 2010 it will be mandatory to sell blends of gasoline with ethanol of
7.8 %. This blend will be denominated “Gasohol”.

Both, the PMB Law as well as the Surpreme Decree insist that all projects linked to the pro-
duction of biofuels have to comply with standards given by the National Environment Coun-
cil in order to guarantee a sustainable development. These include, for example, the improve-
ment of the economics of farmers associated to a biofuel chain as well as the prioritized use of
land that is already deforested, degraded or abandoned (ROTHKOPF (2007), p. 100, AREVALO
et al. (2007), p. 4).

Currently there are no tax incentives or price subsidies. Concerns already arose that if state in-
terventions will not take place, the ethanol as well as the biodiesel industry will not be com-
petitive to regular fuels (ROTHKOPF (2007), p. 100). At the moment there is a debate about in-
troducing a tax relief for biofuels but not with any ultimate outcome so far (AHK (2007), p.
4).

On the international level Peru has two cooperations with Brazil concerning biofuels. One is a
programme on biotechnology and biofuels prolonged in 2006 between the National Council
of Science, Technology and Technological Innovation (CONCYTEC) of Peru and the Agri-
cultural Research Corporation of Brazil. Another agreement signed in 2006 between the two
governments relates exclusively to the joint development of alternative crops for biofuels.
Furthermore, Peru signed a Free Trade Agreement (FTA) with the US allowing the export of
biofuels. As Peru is also a member of MERCOSUR — a common interior market in South and
Central America — concerns exists that lower-cost biofuels from Brazil could enter the market

before Peru’s biofuels industry can reach cost-efficiency (ROTHKOPF (2007), p. 100).
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5.2.3 National Demand for Biofuels

The demand for biofuels in Peru is relatively low. In 2003 the demand for bioethanol was
around 30 million litres and was mainly due to the industry, the medical sector and private
consumption (ROTHKOPF (2007), p. 101, CASTRO et al. (2008), p. 78). Concerning biodiesel

there is no data available recording any real current demand.

Due to the legal frame set by the PMB Law (see Section 5.2.2) the current demand situation
for bioethanol and biodiesel will change significantly within coming years as mandated
blends to diesel and gasoline are required from 2009 onwards. Table 13 shows the projected

national demand for fuels from 2009 to 2016 measured in million barrels per day (mbpd).

Table 13: Projected National Demand for Fuels from 2009 — 2016

Fuels Years
(mbpd) 2009 2010 2011 2012 2013 2014 2015 2016
Diesel 62.80 64.10 65.50 67.00 68.50 70.10 71.80 73.60
Gasoline* 18.00 17.40 16.80 16.20 15.60 15.10 14.60 14.10

Source: own illustration, following AREVALO et al. (2007), p. 11.

5.2.3.1 Projected National Demand for Bioethanol

In 2006 the total national demand for gasoline was about 306 million gallons which corres-
ponded to 20 mbpd (AREVALO et al. (2007), p. 11, MEM (2007), p. 36). By 2010 the national
gasoline demand is expected to decrease to some 289.74 million gallons. Applying the re-
quired blend of 7.8 % the demand for bioethanol will be around 22.6 million gallons or 85.4
million litres (AREVALO et al. (2007), p. 11).>

In case only sugar cane is used to satisfy the bioethanol demand in 2010 an agricultural area
of 13,000 hectares would be needed according to calculations done by the AREVALO et al.
(2007) — presuming an average yield of 93.8 tons per hectare and 70 litres of bioethanol per
ton across the country (AREVALO et al. (2007), p.11, 13). Table 14 shows the projected na-
tional demand for bioethanol according to the expected national gasoline demand in million

gallons from 2010 to 2013.

> The projection already considers the substitution effect of an extended use of natural gas (AREVALO et al.
(2007), p. 11).
¥ Note: 1 gallone corresponds to 3.78 litres (Wikipedia (2008), http://de.wikipedia.org/wiki/Gallone.)
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Table 14: Projected National Demand for Bioethanol from 2010 to 2013

Fuels Years
(in million gallons) 2010 2011 2012 2013
Gasoline 289.74 285.90 282.05 27821
Bioethanol 22.60 22.30 22.00 21.70

Source: own illustration, following AREVALO et al. (2007), p. 11.

5.2.3.2 Projected National Demand for Biodiesel

In 2006 the total demand for conventional diesel was 905 million gallons which is equal to
some 60 mbpd. By 2009 the national demand for diesel is expected to grow to some 1,060
million gallons (AREVALO et al. (2007), p.11, MEM (2007), p. 36). With the beginning of the
mandatory blending of Diesel B2 in 2009 the demand for biodiesel will be around 0.52 mil-
lion barrels or around 21.2 million gallons. In 2011 — when a blending of 5 % is obligatory
(Diesel B5) — the biodiesel demand is expected to increase to some 1.35 million barrels or
56.9 million gallons (CASTRO et al. (2008), p. 104). Table 15 shows the projected national de-
mand of biodiesel according from 2009 to 2013.

Table 15: Projected National Demand for Biodiesel from 2009 to 2013

Fuels Years
(in million gallons) 2009 2010 2011 2012 2013
Diesel 1,060.00 1,090.00 1,138.00 1,168.00 1,212.00
Biodiesel (2 %) 2120 21.80 - - -
Biodiesel (5 %) ; ; 56.90 58.40 60.60

Source: own illustration, following AREVALO et al. (2007), p. 11.

Without considering the demand of vegetable oils for human consumption, the demand for
Diesel B2 expected by 2009 would require around 17,000 hectares of palm oil or 84,000 hec-
tares of rape-seed plantations, and around 45,000 hectares of palm oil or 226,000 hectares of

rape-seed plantations for the Diesel B5S demand by 2011 (CASTRO et al. (2008), p. 104).*

> The calculations are based on the assumptions of an average yield of around 4,276 litres/ha of palm oil and
2,550 litres/ha of rape-seed oil (CASTRO et al (2008), p. 104, AREVALO et al. (2007), p. 11).
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5.2.4 National Production of Biofuels

Peru’s agriculture is very favourable for the production of biofuels as it has a huge variety of
crops to produce both, ethanol and biodiesel® as well as some very good preconditions with
respect to climate and soil (AHK (2007), p. 4). Among the crops to produce ethanol sugar
cane is very competitive as its average yield per hectare is the highest in the world with
around 130 tons per hectare (CASTRO et al. (2008), p. 79).” The average yield of 4,700 litres
of oil per hectare of palm oil is also very high. Furthermore, very promising crops include
sorghum and potatoes to produce ethanol and jatropha, castor oil plant and rape-seed to pro-

duce biodiesel (PROINVERSION (2008), p. 2), CASTRO et al. (2008), p. 104).

The produce of ethanol is quite low. Most recent figures available state that in 2003 80 % of
the sugar cane production was dedicated to sugar production, while only 30.4 million litres of
ethanol were produced. Regardless of the fact, that Peru is producing large quantities of palm
oil — around 48,000 tons in 2005 — which can be used for biodiesel there is no significant

biodiesel production reported at all (ROTHKOPF (2007), p. 101, CASTRO et al. (2008), p. 88).

5.2.5 Investments in Biofuels

According to investment projects for ethanol production, that are already in process’’, the area
cultivated within the next years will be around 220,000 hectares and is almost exclusively
dedicated to sugar cane production.” The corresponding yield is expected to potentially reach
some 1,098 million tons of sugar cane per year, which would — assuming an average yield
around 90 litres per ton of sugar cane — approximately equal some 98.8 million litres of ethan-
ol. Of the whole area dedicated to announced ethanol production, 164,000 hectares will be
newly cultivated while the remaining 56,000 hectares are already in use for sugar cane pro-

duction (CASTRO et al. (2008), pp. 73-79).

Available data with respect to investment projects for biodiesel production within coming
years is on the one hand scarce and on the other hand greatly varying. The figures published

between 2007 and 2008 based on investment projects already being performed or announced

5 Namely, these are — for the production of ethanol — sugar cane, maize, cassava, rice, potatoes, and sweet
sorghum as well as — for the production of biodiesel — jatropha, caster-oil plant, palm oil, rape-seed, coconut,
soy, cotton, and sunflower (AREVALO et al. (2007), p. 7).

> For comparison: Brazil has a yield of 73 tons per hectare (ROTHKOPF (2007), p. 101).

7 There are already a growing number of foreign investments including international cooperations as well as for-
eign direct investments (Castro et al. (2008), p. 73).

% Only a small fraction of about 300 hectares is announced to be dedicated to the cultivation of sorghum. See
Appendix I (Table V) for an overview of the respective investment projects.
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estimate that the production level of biodiesel will range between 104 and 670 million litres
corresponding to 27.5 respectively 177.2 million gallons per year with production based ex-
clusively on palm oil and rape-seed (CASTRO et al. (2007), p. 82., CASTRO et al. (2008), p.
103, PROINVERSION (2008), pp. 2 f.). Table 16 gives an overview of the publications and their

varying estimations concerning biodiesel production within coming years.

Table 16: Expected Biodiesel Production within coming Years based on Investment
Projects in Construction or Announced™

Biodiesel Production | Area demanded (1000 ha)
Author Publication Date (mill. Gallons) Palm Oil® Rape-S eed®
Castro et al. 2007 27.5 22.1 109.47
Castro et al. 2008 92.5-177.2 74.7-142.6 | 368.4 —705.3
PROINVERSION 2008 29.8 24 -

Source: own illustration, following Castro et al. (2007), p. 82, Castro et al. (2008), pp. 104 £,
PROINVERSION (2008), pp. 2 f.

If all investment projects currently in process will be successfully finished and all announced
investments will be realized, the production of both, ethanol and biodiesel could increase sig-

nificantly within coming years (see Table 16 and Appendix I (Table V)).

Nevertheless, it is very important to notice, that at the moment it does not look as if the man-
datory blends of biofuels to fossil fuels that are required by the beginning of 2009 can be ful-
filled. This assumption seems to be well reasonable, since on the one hand the actual produc-
tion of ethanol and biodiesel is far too low compared to the target by 2009 onwards and on the
other hand many projects are either in process of planning and possibly searching for financial

resources, or may not be in place at all (CASTRO et al. (2008), pp. 77, 103).

Additionally, there are several — mainly small-scale — R&D projects, which are quantitatively
not worth mentioning, but in most cases offer the opportunity to take further steps in the de-
velopment of the Peruvian bioenergy sector, such as the one implemented by the DED in Le-

oncio Prado, San Martin, which is described below (see Section 5.4.1).”

% In all three publications mentioned there is no exact date available about when these expected production capa-
cities for biodiesel will be in place.

% For palm oil a yield of 4,700 I/ha corresponding to 1243.3 gallons/ha of biodiesel was applied.

8! For rape-seed a yield of 950 I/ha corresponding to 251.3 gallons/ha of biodiesel was applied.

02 A comprehensive overview of currently realised private and public R&D projects can be looked up in
AREVALO et al. (2007), pp. 27-34.

59



5.3 The Sustainable Cultivation of Jatropha

Regardless of the very promising characteristics attributed to jatropha, only little systematic
research has been done on it so far, and most of the current projects are still in their early
stage of development (OUWENS et al. (2007), p. 1). Hence many uncertainties and knowledge
gaps still exist concerning the question whether and how jatropha can be cultivated and used
for biofuel production in a sustainable way (ACHTEN et al. (2007), p. 289). In order to answer
this question, three dimensions are to be taken into account, the ecological, the social, and the
economical one. Due to the existing uncertainties and measurement problems regarding the
former two criteria, in the following they are discussed mainly qualitatively, after a brief in-
troduction of jatropha as a bioenergy crop is given. In Section 5.4 the effort is undertaken to
assess the economic value by means of an empirical mathematical model using data currently

being generated by the DED.

5.3.1 Jatropha - Characteristics and Potential

Jatropha Curcas L. (Pifion) — in the following alternatively denoted as jatropha - or Physic
Nut is an oil-bearing bush or small tree belonging to the family of Euphorbiaceae originated
from Central and South America but now growing in tropical and subtropical zones around
the world such as in parts of Africa, Asia and India (ROETTGER — JOERDENS (2007), p. 2,
Muys et al. (2007), p. 3).

Its climatic requirements for cultivation comprise altitudes from 0 — 1500 m.a.s.l., whereby 0
— 500 m.a.s.l. are most favourable for intensive production, average annual temperatures of
more than 20 °C, precipitation ranging from 250 — 2000 mm per year and pH-values of the
soil between 5.2 and 8.5. jatropha tolerates short periods of frost but does not resist to water

logging (ROETTGER — JOERDENS (2007), pp. 2-7).

The tree can reach up to 8 meters of height. It is easy to establish, grows quickly, and pro-
duces seeds up to three times a year yielding up to 15 tons® of fruits per hectare with seeds
containing 23-45 % non edible (toxic) oil of good quality® (JONGSCHAAP et al. (2007), p. 17,
VAN EIUCK et al (2008), p. 6). Although single trees reach the age of 50 years (VAN EIICK et

8 Data concerning yields is highly varying. According to www.jatrophabiodiesel.org the maximum yields can
vary between 1.1 and 12.5 tons (NO AUTHOR (2008a).

4 The physical and chemical properties of Jatropha oil converted into biodiesel meet the official international
standards for the product — see Appendix (Table VI) — (FRANCIS et al (2005), p. 18).

60


http://www.jatrophabiodiesel.org/

al. (2008), p. 6), if jatropha is cultivated commercially, the duration of a plantation might be
at best around 20 years or even less (OUWENS et al. (2007), p. 5). In general jatropha is said to
be pest and disease resistant due to its toxic content (FRANCIS et al (2005), p. 18). However,
this may apply to single observations of singular and solitary trees but not to the professional
cultivation of jatropha as already been reported.” Moreover, the plant is very drought resist-
ant®, well adapted to tropical and semi-arid regions, undemanding concerning the type of land
to be grown on — it grows on marginal, degraded, and deforested land with low nutrient con-
tent —, and even capable to reclaim problematic lands, to combat desertification by restoring
the vegetative cover in degraded areas, and to prevent and control erosion due to its unique
root architecture of one taproot and four laterals (MUYS et al. (2007), p. 14, HELLER (1996),
p. 10). Due to its toxicity it is not browsed by animals and therefore has traditionally been

used as a hedge to protect the agricultural field (WIESENHUTTER (2003), p. 3).

Besides the aforementioned functions and various traditional applications, such as medicinal
(e. g. rheumatism or skin diseases), conversion into soap, and the direct use in cooking stoves
and oil lamps, the inedible oil of the jatropha seeds can be used as biofuel for diesel engines,
either in its pure form or after conversion into biodiesel (VAN EUCK et al. (2008), p. 6,
WIESENHHUTTER (2003), p. 3). The jatropha production chain also results in some valuable
by-products such as seed cake, fruit husks and glycerine (ACHTEN et al. (2007), pp. 283-85).

Figure 9 illustrates the Jatropha production chain.

% Especially under humid conditions serious problems with fungi, viruses and attack of insects as well as dis-
eases such as ‘collar rot’ or ‘root rot’, already occured (JONGSCHAAP et al (2007), p. 23).
5 Jatropha can resist up to 8 months of drought (FairTradeFuel AG (2008).
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Figure 9: The Jatropha Production Chain

Jatropha Cultivation

-

By-product

Dry Seeds

(—

O1l Extraction

I Fruit Husks |

-

By-product

Producergas,
biogas, heat

27 — 40 % (kg -1) oil available

Mechanical Extraction

Solvent Extraction

Conversion to:

- Soap

Direct Use:

- in diesel engines

- in cooking stoves

- in oil lamps

<

r———

- - - 71

Pure Oil | Seed cake I
| | L Biogas,
3 3 biofertilizer
60 — 80 % of 70 — 99 % of
available oil available oil
Transesterification By-product
95 -99 % of r— i —————— 1
Diesel yield | QGlycerine |
Cosemetics,
Biodiesel heat

Source: Own illustration, following VAN EICK et al. (2008), p. 6, ACHTEN et al., (2007), p. 285.

Due to its excellent characteristics providing several ecologic and socio-economic benefits in

recent years jatropha has generated a growing interest as a source of renewable energy

(OUWENS et al. (2007), p. 1).

As it is capable of recovering land that has already been affected by desertification, deforesta-
tion, and degradation, biodiversity can be enriched while additional CO, is sequestrated (DE
LA VEGA LOZANO (no year) p. 11). Used as biofuel jatropha oil lowers the demand for fossil
energy. This implies that CO, emissions and at the same time the dependency on and the ex-
penditures for fossil fuel imports are reduced. Hence, energy security is enhanced (FRANCIS et

al. (2005), p. 22). These relationships additionally include a dual potential of jatropha to at-
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tract carbon credits from the CDM market as it can be simultaneously used for both, afforesta-

tion/reforestation and energy projects (ACHTEN et al. (2007), p. 289).

From the social perspective it could be considered to be an employment source, as its cultiva-
tion, from the raising of the plant over its maintenance to oil extraction — at least if done
mechanically by manual ram-presses, for example —, is very labour-intensive In this manner
jatropha can help improving the employment situation in rural areas, combating poverty and
encouraging rural development (ROETTGER — JOERDENS (2007a), p. 13), e. g. by being used
for electricity generation in isolated areas not having any access to basic services (AREVALO
et al. (2007), p. 38). Given that the production of the tree does not replace food production
food security is not affected negatively which is not a necessary consequence as it can be

grown on any kind of land (ROETTGER — JOERDENS (2007a), p. 13).

5.3.2 Environmental Impact

5.3.2.1 Energy Balance

Considering all end- and by-products (Figure 9) the energy balances of a low-input as well as
of an intensive cultivation of jatropha are both positive but with a worse energy balance in the
latter case. That means that the intensive cultivation relative to energy outputs requires higher
amounts of energy inputs embodied by fertilizers and irrigation and therefore, did not pay off
in terms of energy efficiency gains. This result has to be seen against the background of
knowledge gaps currently still existing with respect to jatropha and its cultivation (ACHTEN et
al. (2007), p. 284). Data collected concerning growth, yields and input requirements still show
a high variability. Therefore, at this stage it is challenging to determine optimal management

practices which are required to improve the energy balance (FRANCIS et al. (2005), p. 19).

This is due to several reasons such as an insufficient systematic selection of genetic materials
for different agro-climatic situations applied so far — especially with regard to marginal land

(Acnten et al. (2007), p. 284)%.

The study realized by PRUEKSAKORN et al. (2006), which assesses the effects of jatropha-
based biodiesel production with respect to its GHG emissions and energy balance, shows that

within the value chain — from planting the tree to the production of biodiesel — the transesteri-

57 In the first project type mentioned an increased carbon sequestration while in the latter the substitution of fossil
fuels is required to obtain carbon credits (ACHTEN et al. (2007), p. 289)
68 Particularly against the background that jatropha is hyped for its characteristic to reclaim marginal land.
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fication process is the biggest while cultivation is the lowest contributor to energy consump-
tion — with 0.353 GJ* and 0.002 GJ, respectively.” This implies that at least in the case of
Peru the use of pure oil improves the energy balance significantly and for that reason should

be preferred.”

Figure 10: Energy Consumption when producing 1 GJ of Jatropha Biodiesel
and Co-products
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Total | 884
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Source: PRUEKSAKORN et al. (2006), p. 4.

The energy gain from jatropha does not only rely on the use of biodiesel or the pure oil but
also on the use of the by-products such as the use of coat and leaves, seedcake for fertilizer,
glycerine for the cosmetic industry, fruit husks for gasification or the use of wood — which
comes from annual pruning of jatropha — to produce heat. Figure 16 shows the energy output
from the whole process of biodiesel production and its by-products made of jatropha. The
lowest contribution to the energy generated (1.0 GJ) comes from biodiesel while the highest

energy of 10.289 GJ from wood.

% The Functional Unit (FU) used in this study is 1 GJ equivalent of liquid fuel (PRUEKSAKORN et al. (2006), p. 1)
™ Figure 15 shows the energy consumption in each process to produce biodiesel from Jatropha. The total energy
consumption is around 0.884 GJ.

™' The pure oil is less energy efficient and can cause problems to newer diesel engines. If the pure oil is used in
older diesel engines fewer problems exist, and it can be used for irrigation pumps and generators. If applied in
these older diesel engines the lower energy efficiency will probably be of no significance compared to transester-
ified oil (ACHTEN et al. (2007), p. 284).
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Figure 11: Energy Production when producing 1 GJ of Jatropha Biodiesel
and Co-products
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Source: PRUEKSAKORN et al. (2006), p. 4.

The energy balance of the whole process of biodiesel production from jatropha can be highly
positive with around 21 to 1 (see Figure 10 and 11) - if also considering the energetic use of
the by- and side-product next to the crude Jatropha oil. However, the positive energy balance
is mainly due to the energetic use of all by-products and “...the feasibility (economical, envir-
onmental, infrastructural) of using these by-products efficiently in practice is still under de-
bate and is much dependant on the organization of the production system and local conditions
in practice and potential’(ACHTEN et al. (2007), p. 286). Hence, without possibly being able
to make energetic use of the by-products the energy balance becomes less positive. The posit-
ive energy balance can also become (even) less positive after transesterification, with an in-
creasing intensification and mechanisation of the production cycle, if biodiesel or maybe by-
products are shipped to remote markets such as Europe and also energy consumption due to
transportation needs throughout the whole production chain can be significant in case of
strong centralisation of biodiesel processing units (oil extraction and transesterification)

(MuYS et al. (2007), p. 41).

5.3.2.2 Greenhouse Gas Balance

GHG emissions from jatropha are occurring all along the production chain — from land pre-

paration to end-use. In case of the utilisation as biodiesel as well as in the case of convention-
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al diesel around 90 % of GHG emissions are dedicated to the end-use itself while the remain-
ing percentage is mainly allocated to the production phase and only to a small proportion to

the transport of biodiesel (Figure 13) (PRUEKSAKORN et al. (2006), p. 5).

Within the production phase GHGs are caused due to electricity production for cracking, oil
pressing, filtering and fertilization as well as to diesel consumption for land preparation,
cultivation and irrigation and further to the process of transesterification, whereby fertilizer
production and application together with irrigation as well as transesterification”” make the
most considerable contributions with around 30, 26, and 24 %, respectively. Figure 12 shows

the emissions of GHG by process.

Figure 12: Emissions of GHG according to each Process
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Source: PRUEKSAKORN et al. (2006), p. 5).

Considering each evaluated life-cycle and under the assumption that the oil is used locally the
GHG emissions outgoing from jatropha-based biodiesel are less than compared to fossil dies-
el. The total global warming potential of (jatropha biodiesel production and use is only 23 %
of conventional diesel.”* The main reason of for this positive result is that CO, emitted com-

busting biodiesel is considered to be GHG-neutral since it was absorbed earlier during plant

> That is because N-compounds from the process of N fertilizer production and use are the source of N,O cre-
ation which is a highly potent GHG.* (PRUEKSAKORN et al. (2006), p. 4)

 That means that if the resulting pure oil from Jatropha is used in diesel engines, the GHG balance becomes
even more positive.

™ According to FRANCIS et al (2005) the CO, emissions of jatropha are around 15 % less than compared to con-
ventional diesel fuel (FRANCIS et al. (2005), p. 19)
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growth.” However, the expected positive GHG balance of jatropha based biodiesel could be
deteriorated if the by-products was not used energetically, an increasing amount of nitrogen
was used for fertilization, and if the resulting biodiesel is transported over longer distances, e.

g. shipped to the U.S. or even the European Union (MUYS et al. (2007), p. 39).

Figure 13: Comparison of Life-Cycle Emissions of GHG according to each Process
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Source: own illustration, following PRUEKSAKORN et al. (2006), p. 5.

Another very decisive aspect to consider in the context of the GHG balance is the impact
caused by land-use changes for the cultivation of jatropha. If wasteland is replaced for
jatropha the GHG balance even improves due to a higher carbon sequestration afterwards. If,
additionally, the seedcake is used as a soil amendment, carbon absorption by the soil is in-
creased, as well (ACHTEN et al. (2007), p. 286). In case that rainforest and in particular peat
land is logged and used for the production of jatropha the GHG emissions caused will by far
not be compensated by the carbon offset in the new jatropha plantation (SCHMITZ (2007), p.
1474).

> Figure 13 shows the comparison of the life cycle GHG emissions of biodiesel and diesel.
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5.3.2.3 Impact on Ecosystems

In order to be able to assess the land use impact of a new plantation it has to be compared
with the impacts caused by the former land use (MUYS et al. (2007), p. 39). In the framework
of environmental impacts due to the conversion of wasteland and forest land, respectively,
into jatropha plantations the potential effects are distinguished into impacts on (a) the ecosys-

tem structure and (b) the functioning of ecosystems.

An improvement in vegetation structure and biodiversity is expected if wasteland’® is replaced
for the cultivation of jatropha (FRANCIS et al. (2005), p. 21). By contrast, a reverse effect is
caused in case that undisturbed natural ecosystems are converted (ACHTEN et al. (2007), p.

287) into plantations.

The expected positive impacts compared to wasteland if replaced by jatropha include a higher
biomass production, a better vegetative ground cover as well as a possible increase of habitat
value. The intensity and the direction of the potential positive impacts are strongly correlated
with the type of cultivation (FRANCIS et al. (2005), p. 20, ACHTEN et al. (2007), p. 287).
Against this, in case of monocultures the positive impacts can be partly or even overcom-
pensated due to the dominance of negative effects accompanied with a more intensive applic-

ation of fertilizers, irrigation, biocides’’, and soil work (ACHTEN et al. (2007), p. 287).

The small-scale cultivation of jatropha as well as its use as hedges is generally linked with
positive impacts as both potentially create more gradients and landscape connectivity, di-
versity sinks and corridors. Nonetheless, fertilizer is required in order to achieve stable and
high yields and to prevent soil exhaustion of wastelands. Again, further quantitative research

in nutrient cycles and the optimisation of inputs is necessary (ACHTEN et al. (2007), p. 287).

On the one hand using the seedcake as fertilizer reduces the demand for chemical substances,
but on the other hand some reports document invasive characteristics of jatropha, such as the
risk of phytotoxicity, expressed as reduced germination that might result from the manuring

by means of the seedcake. Therefore, further research should also focus on these effects on

7 It should be noted that the definition of ‘wasteland’ is rather ambiguous, and should not be confused with the
term ‘marginal soils’ or ‘marginal lands’. The use of the term ‘wasteland’ can indicate either unoccupied areas or
areas where land ownership is not clear, whereas ‘marginal soils’ or ‘marginal lands’ are applied to describe
areas with unsuitable conditions for cop production due to soil and climate constraints (JONGSCHAAP et al
(2007), p. 6).

" In general Jatropha is expected to have a relatively low need of biocides compared to other crops (MUYS et al.
(2007), p. 38).
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local ecosystems (HELLER (1996), p. 23, KUEFFER et al. (2004), p. 9, MUYS et al. (2007),
p. 38).

Besides, several ecosystem functions can be improved by cultivating jatropha. Propagating
the plant generatively by seeds instead of vegetatively by cuttings can help preventing and
controlling erosion as well as it is very promising with respect to superficial soil and soil sta-
bilization itself. This is due to the unique root architecture with one taproot and four laterals

which does not evolve in case of vegetative propagation (JONGSCHAAP et al. (2007), p. 5).

By leaving the shed leaves and the weeded growth as mulch and, furthermore, using the seed-
cake as biofertilizer’ the soil can additionally be enriched with organic material which im-
plicates an improvement of the soil structure and the water-holding capacity (ACHTEN et al.
(2007), p. 287, JONGSCHAAP et al. (2007), p. 16). In general the cultivation of jatropha is ex-
pected to have mostly positive impacts on the fertility, stability, and the carbon sequestration
of soils, especially in case of wasteland replacement, but again the strength of the effects de-

pends much on the type of cultivation applied (MUYS et al. (2007), p. 38).

If a more intensive cultivation is employed — such as higher amounts of fertilizers or the use
of heavy machinery, causing soil compaction, for instance — many positive impacts can be re-
duced (MUYS et al. (2007), p. 38). Moreover, it is almost dispensable to mention that the re-
placement of natural forest will have the most significant negative impact on the soil — affect-
ing GHG emissions, soil fertility, soil structure and water-holding capacity (ACHTEN et al.
(2007), p. 287).

With respect to the water balance a positive on site as well as a negative off site impact might
occur simultaneously. On the one hand, jatropha enhances the ecosystem’s capability of con-
trolling the water cycle as the strong increase in evapotranspiration (ET) leads to a reduction
of surface runoff and a higher infiltration capacity. On the other hand, a decline in water
availability downstream can result if the ET of jatropha is higher than the ET of the natural
vegetation. In order to assess the impact on the water balance, more research is needed

(ACHTEN et al. (2007), p. 288, JONGSCHAAP et al. (2007), p. 7, MUYS et al. (2007), p. 38).

" Even though the use of the seed cake as fertilizer is mainly expected to result in positive effects, its toxic char-
acter demands further investigations on long-term effects to soil, and especially to its possible use for edible
crops, as such do still not exist (ACHTEN et al. (2007), p. 287).

69



5.3.3 Socio-Economic Impact

At the moment, little is known about socio economic impacts and further research is needed
with respect to the cultivation of jatropha (ACHTEN et al. (2007), p. 288). Therefore, only ba-

sic aspects will be discussed below.

It 1s to be mentioned positively, that jatropha is a very labour-intensive crop. Especially the
harvest is very demanding since a mechanical harvesting is linked with problems due to the
fact that the fruits are continuously ripening throughout the year and have to be harvested at
maturity. Hence, jatropha is believed to create substantial job opportunities and, therefore, to
generate income for the local poor and foster rural development. Since the availability of jobs
alone does not imply the incidence of the aforementioned potential benefits, it has to be en-
sured that new jobs comply with national and international standards such as the international

labour standards provided by the ILO” (RIJSENBEEK et al. (2007), pp. 4, 9).

Another factor influencing the socio-economic potential of jatropha refers to the design of the
production chain, which can be distinguished into large-scale, centralised estates working
with outgrowers on the one hand and a decentralised set-up on the other hand. The latter one
seems to be more promising in order to use the end- and by-products resulting for local con-
sumption, and thus, also contributing to foster rural development, whereas it is not assured
that decentralised set-ups profit of these opportunities due to the local culture as well as a pos-
sible lack of skills and knowledge. With regards to the centralised set-up increasing econom-
ies of scale from the income of both, biodiesel and the by-products can be expected (FRANCIS
et al. (2005), p. 20). By means of job and income generation and capability support rural de-
velopment is enhanced, as well, but this can only be ensured if the company in consideration
complies with national and international labour standards — as already mentioned before

(ACHTEN et al. (2007), p. 289).

On the other hand, due to land-use pressure in rural areas, concerns have risen that the cultiva-
tion of jatropha could lead to a displacement of food production. This assumption seems to be
well reasoned as the prices for biodiesel continue to rise. Of course this problem will not oc-

cur if jatropha cultivation takes place on areas not suitable for edible crops.

" For more information about the ILO and their standards: http://www.ilo.org.
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Moreover, the toxic content of jatropha seeds, oil and seedcake can cause negative impacts to
human health which is not excludable as workers™ skin can easily mingle with the oil (JONG-

SCHAAP et al. (2007), p. 32).

Regardless of the fact that the investments needed for a decentralised production chain are
smaller than those for a centralised one, currently both would face a financial risk due to un-
certainties still existing concerning the (highly varying) annual seed yield and its responsive-

ness to fertilizer and irrigation use (ACHTEN et al. (2007), p. 289).

5.3.4 Conclusions

Due to a lack of reliable data it is challenging to judge/assess the sustainability of cultivating
jatropha. The energy and GHG balances are assumed to be positive but significantly depend-
ent first, on the type of land-use — marginal wasteland or natural forest —, and second, on the
type of cultivation, respectively, its intensity. The impacts on soils, biodiversity, and on water
balances are partly uncertain. In case of converting wasteland effects seems to be acceptable
or even positive whereas converting natural forest would be accompanied by unacceptable
consequences (FRANCIS et al. (2005), p. 22). As long as uncertainties still remain, small scale
farmers should not invest in jatropha. There is an urgent need for further research with respect
to seed yields, yield responsiveness to inputs, land-use impacts, and systematic selection of

the best suitable genetic material (ACHTEN et al. (2007), p. 289).

5.4 Jatropha Case Study — San Martin, Peru

5.4.1 DED-Project

5.4.1.1 Outlines of the Project

In Lima, around 40,000 buses are in service, thereby consuming around 2 million litres of
diesel a day. Against the background of continuously increasing diesel prices and the fact that
Peru imports more than two thirds of its domestic diesel consumption (see Section 5.1.6) on
the one hand as well as serious environmental problems, climate change and impacts on hu-
man health resulting of diesel combustion on the other hand, since June 2005 the DED gov-

erns the pilot phase to the project “vegetable oil as a substitute for diesel”.”

% The DED is the executive body as well as the co-financier of the project. Further public partners are the Com-
mon Fund for Commodities (CFC) which serves as the principal financier, the FAO (Supervisor) and the GTZ.
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The project aims at promoting a sustainable development principally focussing on the im-
provement of the small farmer’s situation. This shall be realised by means of promoting the
cultivation of the oil crop jatropha. Therefore, a value chain approach has been applied as it
was assumed to be most suitable. This concept should guarantee a commercial favourable re-
lation of all stakeholders involved: agricultural producers, vegetable oil producers, and con-

Sumers.

The small farmer produces jatropha fruits and sells the seeds at the farm gate to the vegetable
oil producer which transforms the seed into pure vegetable oil and jatropha meal (seed cake).
The oil is used as a fuel in buses of the private Peruvian transport company CALIFORNIA
from Lima. After the required technical modification of the diesel engines®' diesel , pure oil,
and any blending of both can be utilized. The remaining jatropha meal is further sold as a pro-
tein rich product to the healthy food sector. The public transport services constitute a guaran-

teed market for jatropha oil due to its huge vegetable oil demand for fuel use.

Currently, the project is realized in four different test locations in the Peruvian Amazonia cov-
ering around 100 hectares of jatropha plantations: in the department of San Martin Picota and
Leoncio Prado, Motupe in Lambayeque, and Ocucaje, in the department of Ica (see Figure

14).

8 This is performed by the German company Vereinigte Werkstitten fiir Pflanzendltechnologie (VWP) which
cooperates with the pilot project.
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Figure 14: DED — Jatropha Project Locations in Peru

Loction: Picota and Leonico Prado E /
Department: San Martin

Location: Motupe
Department: Lambayeque

Location: Ocucaje
Department: ICA

Location for Jatropha g A

Source: Figure received by the DED Lima, Peru (2008).

In the framework of the undertaking the DED is supporting small farmers in each of these re-
gions that show interest in jatropha, by providing agricultural support concerning the entire
cultivation scheme, including financing schemes and purchasing contracts guaranteeing fixed
prices paid by the vegetable oil companies. Each location has its own oil production plant
with a capacity for processing 100 kg of seeds per hour. A decentralized organisation type is
purposely promoted by the DED, as it is assumed to be more favourable in terms of rural de-

velopment.

5.4.1.2 DED Results - experience and expectation

The following information regarding the project results refer to Leoncio Prado, San Martin.
All information was obtained directly from the DED office in Lima and exclusively by per-

sonal communication with project members.*

% These members include the project supervisor Mr. SEIDLER, his project assistant Mr. SKODDOW and Mr. GIL
fos, a technical assistant supporting the small farmers on-site. For the following the members are denoted by
SKODDOW et al. (2008).
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Data obtained are based on the plantation of 2,500 plants per hectare with a spacing of 2m x
2m.” In the first and second year yields correspond to 0.9 and 2.4 tons per hectare, respect-
ively. The current project year is expected to reach 4.2 tons of seeds™ per hectare before
reaching the maximum yield of 6 tons from the fourth year onwards (SKODDOW et al.

(2008)).” The price per ton of seeds guaranteed to the farmer is US$ 180.

Besides the seeds, the planting of one hectare requires approximately 3.75 t of compost fertil-
izer. The aggregate investment cost is around US $ 1200* arising from land preparation, fer-
tilizer use, and for the jatropha seeds as well the cuttings during the first year by which the
potential yield is expected to increase up to 7 instead of 1.5 tons without cuttings. After the
first year of the crop no estimable amounts of fertilizers are expected to be required. The same
applies to pesticides, except for the infestation of the seedling by insects at the initial stage of
growth no diseases or pests are reported, yet. Therefore, according to SKODDOW et al. (2008),
costs for fertilizer use or pest and disease control are not considered in the context of annual
operative costs, that — from the second year®’ onwards — value at approximately US$ 300/ha®™
for weeding® and harvesting activities. Due to the sub-tropical climate weeding as well as har-
vesting® occurs almost throughout the year with higher labour demands during wet seasons
and less or even no demand in dry seasons. For the high natural precipitation levels irrigation
costs are negligibly low (SKODDOW et al. (2008)). Except these costs no other costs are con-

sidered.

At present the third year of the project has begun. Until the end of the project — around June
2009 — at least 100 buses are expected to have been adapted to jatropha-based biodiesel. At
the moment there have not been any adoptions, yet. First a stable supply of jatropha oil has to
be assured. These estimations still have to be confirmed, as yield data has only been verified

for the first two years. Furthermore, neither data with respect to energy or GHG balances nor

% Currently the DED tries to extend to 10,000 plants per hectare (SKODDOW et al. (2008)).

% For the following the value of tons with respect to jatrpoha yield refers only to the weight of the seeds.

% This is in contrast to the prevalent opinion reported in general as the yield is said not to reach its maximum un-
til the fifth year (e.g. http:/jatrophabiodiesel.org/).

% Investment and operative costs applied for the CBA and received by the DED are assessed to be underestim-
ated by the author. However, as the DED itself based its calculations on these figures, they are further used in
this single section. In Section 5.4 figures used are adjusted to the best of the authors knowledge due to own re-
search and the informations given by the DED.

% Actually the annual operative costs of US$ 300 occure each year. However, the DED added them to the invest-
ment costs arising in the first year.

% See Fn. 93.

¥ Jatropha already begins flowering in the initial year.

% As ripening of Jatropha fruits do not occure simultaneously, harvesting occurs at different times of the year.
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concerning other basic ecological and socio-economic issues could be provided by the DED

so far, as these are not yet available.

However, the DED undertook a CBA on the basis of the aforementioned data, with very
promising results. Presuming a period of 20 years, an interest and discount rate of 10 and 8 %,
respectively, as well as a six-year payback period for the credit required due to the relatively
high investment costs, the net present value (NPV) calculated equals US$ 5,047/ha. The res-

ults of the small farmers’ CBA are summarised in Table 17°".

Table 17: Costs and Benefits of the Small Farmer

Costs and Benefits of the small farmer”

Costs’ US$/ha

Investment Costs 1200
Annual Operative Cost (2™ onwards) 300
Revenues

Year Yield (tons/ha) US$/ton Revenue (US$/ha)
1 0.9 180 162
2 2.4 180 432

3 4.2 180 810

4 6. 180 1 080
5-20 6. 180 1 080
Period evaluation (years) 20
Interest Rate of discount 8%
Net Present Value (US $/ha) 5047

* For a detailed overview of the calculations, see Appendix I (Table VII)
® Costs are based on estimations undertaken during the initial phase of jatropha cultivation (SKODDOW et al.
(2008)).

5.4.2 Economic Theory — Profit Maximization

Within (neo-) classic theory the concept of Homo Oeconomicus implies that any decision
made by individuals is aiming at private profit maximisation. This assumption is formally de-

scribed by following equation,
(1) T = L P¥i- L W

The first expression stands for the aggregate revenues of a household or company and is

defined as the sum of all prices p for product i (1, ..., n), each of them multiplied by the cor-

°! For a detailed overview of the calculation as well as the CBAs of the remaining stakeholders belonging to the
vegetable oil and the public transport sector see Appendix I (Tables VIII — XI).
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responding output y;. The latter term represents the costs (e. g. production costs) which are
calculated by adding up each price w for input j (1, ..., m) with the respective amount of in-

put(s) xjrequired (VARIAN (1999), p. 307).

The Peruvian farmers subject to this analysis are expected to behave according to the assump-

tions made above. Thus, equation (1) will serve as the basis for farm-household decisions.
5.4.3 Model Specifications

5.4.3.1 Research Hypothesis

Based on the economic theory presented in the previous Section, the objective of this study is
to determine the sustainable production (level) of jatropha, as well as on recent research con-
cerning the cultivation of the plant in the region of San Martin, Peru the following core hypo-

thesis is derived:

The cultivation of jatropha benefits the farmers in the region of San Martin, Peru.

Of this base hypothesis two cases will be differentiated:

1. It is beneficiary to farmers to cultivate jatropha in addition to their current optimal

production structure on deforested land

2. It is even more beneficiary to farmers to cultivate jatropha being allowed to reduce an-

nual crop production up to the respective subsistence level

5.4.3.2 The Research Site

Currently the DED is testing the cultivation of jatropha on deforested areas in the province of
Leoncio Prado in the region of San Martin, Peru (see Section 5.4.1.1), which is one of three
Amazon regions. Due to a lack of data with respect to the farming activities in the aforemen-
tioned province, Pucallpa was chosen alternatively as it is an ideal forest margin benchmark
site for both, the bio-physical characteristics as well as the patterns of land use are likely to be
similar to many regions in the Amazon (WHITE et al. (2005), p. 14). In correspondence with
the aforementioned explanations a study by WHITE et al. (2005a) including the description of

the farming activities in Pucallpa serves as the basis for this analysis.
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Pucallpa belongs to the department Ucayali, Peru. It is located in the forest margins of the
western Amazon basin and is located 150 m.a.s.l. (WHITE et al. (2005), p. 14). The mean an-
nual temperature is 25 °C, coinciding with an average rainfall of approximately 1,700 mm per
year with an unbalanced bi-modal pattern.”” The wet seasons are from February-April and
from October-December, the dry seasons from May to September as well as in January (Fig-

ure 15).

Figure 15: Labour Requirements of a typical Bush Fallow Farm and monthly Rainfall
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Source: own illustration, following WHITE et al. (2005a), p. 188.

Agriculture, hunting and forest activities produce 31 % of the gross regional product. The des-
tination of a majority of the farm products is the city of Pucallpa itself, which has a population
of about 250,000 inhabitants. Pucallpa is characterized by a variety of farmer types and asso-
ciated land uses. The farms subject to this analysis, which are identical to the reference group
observed by the study of WHITE et al. (2005a) face poor local and regional infrastructural
conditions. They are directly accessible only by tertiary-quality roads. Moreover, the rudi-
mentary infrastructure network isolates the farmers from the rest of the country — not to men-
tion any access to international markets — and increases their marketing costs. Considering
that the farmers lack the availability of sufficient natural and financial resources the fact pre-

viously mentioned weighs even more. Common agricultural practices — for which most of the

%2 In Leoncio Prado Jatropha is cultivated on fields ranging from 0 -500 m.a.s.l. The mean annual temperature is
around 24 °C meeting an annual precipitation of approximately 3,300 mm.
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former on-farm forest has already been replaced — comprise a mix of traditional annual crops,
such as rice, maize, beans, cassava and plantain as well perennials like citrus. All crops are
principally cultivated for household consumption. In order to increase soil fertility and lower
the risk of weed invasion bush fallow practices are applied (WHITE et al. (2005), p. 4, WHITE
et al. (2005a), p. 188).

5.4.3.3 Surveys and Data

The data set collected by WHITE et al. (2005a) by means of personal interviews and second-
ary sources” contains detailed information about the crop systems and cycles cultivated as
well as baseline information of land-use dynamics and prevalent farm types. This data set is
expanded by data regarding the cultivation of jatropha received by SKODDOW et al. (2008)
who are taking part in the aforementioned project of the DED (see Section 5.4.1).

The average farm size of the sample is about 20 hectares of which approximately three hec-
tares are still in high-forest while the remaining area is dedicated to following purposes, annu-
al crops (ca. 2 ha)*, perennial crops (ca. 0.4 ha), fallow land (ca. 7 ha) and pasture land (7.5
ha)”. The representative crop cycles are as follows. Rice is cultivated in the first year, fol-
lowed by two consecutive years of plantain, and the same sequence is applied to maize and
cassava as well as beans and cassava, respectively. The respective average crop yields per

hectare and prices per ton are given in Table 18.%

% LABARTA et al. (1998), and FUIISAKA (1997), National Agricultural Research Institute (INIA), and the Min-
istery of Agriculture-Ucayali.

% In Section 5.4.3.4. be shown that this value again does not comply with the restrictions made by the authors.

% Although the majority of the farmers do not even own cattle, they rather prepare pasture land in hope of being
able to purchase cattle one day (WHITE et al. (2005a), p. 189).

% The prices provided by WHITE et al (2005a) have been adjusted in three steps. First, the $-values were conver-
ted to PS-values by applying the exchange rate of 1US$/3.50 PS presumed by the authors. Second, the resulting
PS-prices were corrected by the mean inflation rate during 2000 and 2007 and in a third step converted again ac-
cording to the actual exchange rate. The yield of citrus in tons per hectare was calculated by the following for-
mula: yieldgws [tons/ha] = ((profitiws [$] + occupied areagins [ha] * total labour requirement.,, [workdays] *
standard wage rate [$/workday] / priceirs [$/ton]) / occupied areaciws [ha], in numbers: yieldciws = ((212 +0.42 *
137 * 2.7) / 120) / 0.42 = 7.3 tons/ha. In the case of Jatropha the yield of 5.5 tons/ha results by determining the
mean yield per hectare over a period of 20 years in accordance with data received by the DED via personal com-
munication.
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Table 18: Crop Yields and Prices of Pucallpa Slash-and-Burn Farms and of Jatropha

Crop Yields and Prices of Pucallpa slash-and-burn farms and of Jatropha

Crop Yield (t/ha) Price (US $/t)
Rice 2.0 130
Maize 2.0 111
Bean 1.0 435
Cassava 13.0 46
Plantain 7417 56
Citrus 7.3 111
Jatropha (1) 5.5 180
Jatropha (2) 5.5 180
Jatropha (3) 3.7 140
Jatropha (4) 3.7 140

*Plantain is measured in bunches. According to SKODDOW et al. one bunch weigh 13 kg/bunch.
Source: own illustration, following WHITE et al. (2005a), p. 189.

In correspondence with the author WHITE the fertilizer and pesticide use is negligibly low for
traditional crops. Therefore, on the input side special attention is paid to monthly labour re-
quirements as illustrated in Figure 15”. The same applies to jatropha except for the first year,
as — according to SKODDOW et al. (2008) — there is an initial investment of around US$ 1783
required for plants fertilizers, and specific tasks occurring only within the first year (see

Section 5.4.1.2). On this one-time payment the actual Peruvian prime rate of 8 %™ is de-
ployed, and on that basis the annuity over the period of 20 years is determined. This amount

of approximately US$ 182 is added to the labour costs as fixed costs.

According to SKODDOW et al. (2008), family labour is valued at US$ 4/per person/day. Al-
though hiring labour from off-farm is neglected (see Section 5.4.3.4), temporary labour is
taken into account with US$ 5 in order to be able to determine realistic labour calculate shad-

ow prices.”

The labour requirements for agricultural production are varying throughout the year (Figure
15). Land preparation takes places usually during the dry months of July and August by

means of slash-and-burn techniques. In August most of the annual crops except beans are

%7 Figure 15 is the revised version of Figure 1 of WHITE et al. (2005a), p. 188. The labour demand calculated by
the authors does not comply with the restrictions applied by them. The original form of the figure can be seen in
Appendix I (Figure III).

% The prime rate is based on information given by the DED.

% According SKODDOW et al., the current wage per workday is between 10 and 12 PEN. In order to calculate the
results not too optimistically, the latter value will be used for temporary labour within the following analysis.
Using the actual exchange rate and subtracting US$ 0.50 a day for the way to the workplace and back, rounded
up familiy is valued at US$3.80.
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planted and manual weed control takes place from September-October. Harvest occurs ac-
cording to the respective crops in different months. In the study of WHITE et al. (2005a) the
labour peak was calculated for January. Again due to the violation of the side restriction of
subsistence production and the high amount of labour required for land preparation this result
needs to be adjusted. In correspondence with the author for each hectare used for the cultiva-

100

tion of annual crops the equal size of land has to be prepared before planting ™. The corrected

labour peak occurs in August (see Figure 15).

The detailed allocation of labour requirements according to farming activities throughout the
year are given in Table 19. The main tasks for land preparation as well as for all cultivated
crops are tabulated in workdays per hectare. While citrus, plantain and jatropha have a much
more consistent need for labour the remaining crops have a more specific labour demand in
certain months. As already mentioned above land preparation is only restricted to the months
of July and August, near the end of the dry season. The commercialization takes place in

March and from April to June for annual and perennial crops, respectively.

Table 19: Crop Labour Profile

Crop labour profile: avergze monthly lab our requirement for principle cropping achvities Peroded ays ha)
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Rige

Flanting
Weeding

Harwvest
Other

Total
Moize
Planting
Weeding

Harvest
Other

Total

Cassava (I+1)
Flanting -
Weeding -
Harwvest 12
Other

Total 2l

o 10
20

22

o

o 10 10

o
=)
La
o
o
o
o
o
o

35

10 10
10

12

[ I
—
=

[ I

[ R |

|

[ I

[ I

[ I

[ I

[ I

[ I

o
—
=
—
=
o
=
—
o
=
=
=
=
o
=

36

- 20
132 32
2

[ |
[ |
[ B
[ |
[ |
[ |
[ |
[ |

o
o
o=
o
—
o
o
o
—_
o
o
o
28]
=

23

Fean

Planting - - 14
Weading - 10 - - 30
Harvest - - - - - - - - - - 30 - 30

Tatal 0 0 0 0 0 0 14 1 0 10 30 0 4

I
|
|
I
=
=
|
|
|

Other imeludes: drying, sales.

1% This statement to me seems to be somewhat unrealistic as not every annual crop is cultivated during the whole
year. In consideration of the deficient data set the 1:1 relation of annual crop cultivation and land preparation it is
assumed to be an appropriate iteration.
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Crop labour profile; avernge monthly labour requirement for principle cropping achivities (aroded ays fha)

Lahour activity Bugust  September Oeotober Hovwendber December Jarmary Febmary  Marh April  May  June Taly Total
Plantain

Plarting - - - - - 10 - - - - - - 10
Weading 12 - - - - - 12 - - 12 - - 36
Harwvest - 10 10 10 10 - - - - - - - 40
Other - a5 a5 0.5 0.5 - - - - 12 - - 2
Total 12 105 105 105 105 10 12 a 0 0 a a 28
Cirs

Weading - - - - - - - 15 - - - - 15
Harvest - - - - - - - 30 1] 30 30 120
Other - - - - - - - 05 (1] 0.5 0.5 2
Tatal a a a i} i} i} 1] 15 305 ;s 305 305 137
Jaropha (3. 56ha)

Weeding - 3 & 3 3 3 & ] 3 5 5 1 a0
Harwvest - 1.8 T3 10.1 3.3 55 13 10.1 3.3 37 3.7 23 689
Other - a5 a5 0.5 0.5 as 0.5 a5 0.5 05 a5 a5 55
Tatal a i 158 184 148 12 158 188 1458 a2 a2 43 1544
Jaropha (5. TeTha)

Weeding - 3 & 3 3 3 & ] 3 5 5 1 a0
Harvest - 12 5 5.8 5h 37 49 6.3 58 25 25 18 463
Other - 0.5 0.5 05 05 05 0.5 0.5 05 (1] 0.5 as 5.5
Total 1] 4.7 114 133 12.1 102 11.4 153 121 2 z 34 1118

Other meludes: drving, sales.

Note: The yields of jatropha per hectare are calculated by determining the average yield over a period of 20
years, assuming the achievement of maximum yields of 6 and 4 t/ha, respectively, from the fourth year of cultiv-
ation onwards (see Appendix I (Table VII) for an overview of the yield development of jatropha. Accordingly,
the labour demand for harvesting activities, which vary proportionally by yield (a field worker is assumed to
pick 80 kg/day of jatropha seeds'""), were adjusted on the basis of Appendix I (Table XII) that shows the labour
requirements for the different cropping activities in the case of a yield of 6 tons per hectare.

Source: own illustration, following WHITE et al. (2005a), pp. 191 f.

Corresponding to the data given by the DED the calculated farm gate price for jatropha paid
by local vegetable oil companies is US $180 per ton (Table 18). For the calculation of profits
generated the 20 years™ average'” of the over time varying (increasing) revenues is employed.
It is to be mentioned, that due to the fact that the DED project is still at an early stage of de-
velopment (3" year) — while jatropha is expected not to achieve its maximum yield between
the 4" and 5" year — the information received is still not fully evident and should therefore be
interpreted with caution. For that reason, yields as well as prices are varied within the differ-

ent scenarios.

5.4.3.4 A Farm Household Agro-economic Optimization Model

In accordance with the economic theory applied (see Section 5.4.2) in this section a linear
farm household model is designed in order to determine the profit-maximizing production
plan. For this purpose the software GAMS (General Algebraic Modeling System) is em-

ployed. To assess whether the cultivation of jatropha is beneficiary to the farmers or not, a

1! This figure is based on harvest data in the Dominican Republic for 2,500 trees of jatropha per hectare (FLAM-
BERT (2006), p. 19).

2 In correspondence with data achieved by the DED (SKODDOW et al. (2008)) a life expectancy of 20 years of
the Jatropha tree is applied.
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representative farm of 20 ha with three family members — man, woman, and child — is em-

ployed. The function to be maximised is the following:

(2) T o=
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whereby the first term stands for the aggregated revenues of all n crops (including annual and
perennial crops) while the second one represents the sum of all input costs (j =1, ..., m). C¢
denotes the aggregate fix costs over all p crops. The farm characteristics which simultan-
eously comply with the constraints are as follows: farm size, H < 20 ha; labour, L < 63 work-
days per month; household subsistence production levels of annual crops; and non-negativity
constraints for land and labour. Neither off-farm labour — as it only arises sporadically — nor
the possibility of hiring labour is considered, since the farmers are poor with respect to finan-
cial resources (see Section 5.4.3.2). As land is an abundant factor, the rental costs are assumed

to be zero.'” The LP tableau can be seen in Table 20.

Table 20: Structure of the LP Model

Structure of the LP model

Row Unit Cropping Use Use Sell Direction RHS
systems (5) Labour (12) land (7)  crops (5)
Objective US$ - - - +
function
Household workday + - < 63
Labour (12)
Land (7) ha + -1 < 20
Minima
Rice (1) kg + > 1000
Maize (1) kg + > 500
Beans (1) kg + > 100
Cassava (1) kg + > 5000
Plantain (1) bunches + > 350

Note: Figures in parentheses refer to the number of rows or columns in each category.
Source: own illustration, following WHITE et al. (2005a), p. 193.

The representative farm produces traditional crops, rice, maize, cassava, beans, citrus and
plantain. All annual crops are integrated in a respective crop cycle of which each is in turn de-
termined by a cropping system that produces for three years and is fallow for four years (see

Table 21).

% Even a ground rent above zero would be identical for all crops and all cases simulated by the model and
would therefore not influence the ranking of the crop profitabilities generated by GAMS.
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Table 21: Crops and Cycles of the Traditional Agricultural System and Jatropha

Crops and cycles of the traditional agricultural system and Jatropha

Crops and cycles

Rice-plantain-plantain
Maize-cassava-cassava
Beans-cassava-cassava

Citrus

Jatropha

Source: own illustration, following WHITE et al. (2005a), p. 193.

As bush fallow land management techniques are applied by the representative farm, model-
ling the entire scope of different crop production and fallow cycles over a multi-year period
can be (computationally) demanding for various reasons. Due to former agricultural practices
each of the land parcels created is resulting in an individual yield potential which analogously
implies that land, in a similar manner to labour, cannot be regarded as a homogenous input to
the production process. Additionally, potential problems can result first, with respect to co-
ordinating the planting and harvesting times of each cropping cycle, and second, applying a

proper discount rate over the analysis time horizon.

In order to reduce the computational complexity described above, a time-slice approach is
employed. Hypothetically, for each cropping system the cultivated area is divided into seven
land parcels, three representing the crop cycle and four the fallow periods. Using this method
it is assumed that on each cultivated land parcel the whole cropping system is realized within
one single year. Simultaneously, the approach implies that the loss of soil fertility occurring
during the crop cycle is entirely recovered during the years of fallow. Hence, the quantity and
agronomic characteristics of all land parcels in annual crops and fallow and thus, the intra-
year labour use pattern is identical for any year (i. e., column). A stylized example of the

time-slice approach is illustrated in Table 22.
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Table 22: A stylized Crop Production-fallow Cycle of a Bush Fallow Farm Mosaic

A stylized crop production-fallow cycle of a bush fallow farm mosaic

Land parcel Year

1 2 3 4 5 6 7
1 Al A2 A3
2 Al A2 A3
3 Al A2 A3
4 Al A2 A3
5 Al A2 A3
6 A3 Al A2
7 A2 A3 Al
8 P P P P P P P

Al, A2, A3, annual crop in year: 1, 2, 3, respectively; P, perennial crop.
Source: own illustration, following WHITE et al. (2005a), p. 194.

As the last simplifications crop prices are set fixed, and transaction costs such as transport
costs are not taken into account. The fact, that the companies processing jatropha collect the

seeds by themselves justifies the assumption made above, that transaction costs equal zero.

With the aid of the model constructed above besides (a) the base case two further alternative
scenarios are simulated including (b) the additional cultivation of jatropha without changing
the optimal production plan calculated for the base case, and (c) the optimization of the crop
mix including the cultivation of jatropha by regarding the subsistence constraints. In the latter
cases both, the price and the yield per hectare of jatropha are varied. Although the price for
the ton of jatropha seeds is not unlikely to be above the expected US$ 180, as prices for crude
oil as well as other vegetable oils than jatropha are continuing to increase'™, it is shown
whether a more pessimistic appraisal, such as made by Jatropha World — Center for Jatropha
Promotion'”, in the amount of US$ 140 would be able to change the results generated. Re-
garding the uncertainty accompanied with the relatively early phase of development of the
above cited DED project with reference to the productivity of jatropha, three different yields

per hectare, 4, 5 and 6 tons are considered.

104 At April the 14th, 2008, the crude oil price/barrel is US$ 109.65 (HANDELSBLATT (2008)). An overview about
the development of the crude oil price/barrel during the past three years is given in Appendix I (Figure I).
1% www jatrophaworld.org.
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5.4.4 Results'"®

5.4.4.1 Scenario a — Base Case

For the basic scenario the net farm income amounts approximately US$ 430. The profit-max-
imizing crop mix is calculated by using the aforementioned data, whereby the area occupied
by citrus is fixed at 0.42 ha as stated by WHITE et al. (2005a). Due to a lack of information
about the investment costs of extending the production of citrus in area, only a reduction is al-
lowed. The rice-plantain system is cultivated on 0.5 ha and contributes 19 % of the net farm
earnings. With respect to both fruits the area planted enables the farmers to produce exactly
the subsistence level. Maize-cassava occupies 0.25 ha and generates 29 % of the farm profits.
This again allows for precisely the respective subsistence production. As beans is the most
profitable crop besides citrus, as the only cropping system the beans-cassava system is exten-
ded until the labour limit is reached in August. It conduces 27 % of the net farm income. The
shadow price for August is valued at US$ 11.40. The significant deviation from the results
generated by WHITE et al. (2005a) is either the consequence of partially inconsistent data — as
already described above — or caused by erroneous calculations. The total area cultivated is 3.3
ha, of which 2.88 ha is planted with annual crops, and 0.42 ha with perennials. Another 2.88
ha is fallow land in preparation. The results of the base case are tabulated and contrasted to

the results of scenario (b) and (c¢) in Table 23.

5.4.4.2 Scenario b — Additional Cultivation

It could be shown that the additional cultivation of jatropha would be beneficiary to the farm-
ers, as its labour requirement is complementary to the demand of traditional crops. In the best-
case scenario, assuming a price of US$ 180 for the ton of jatropha seeds and an average yield
of 5.5 tons per hectare, jatropha is cultivated on an area of 0.48 ha, which leads to an increase
in net farm income of 130 to US$ 560. Its share of the net earnings is about 23 %. Up to the
third subcase, which presumes a yield of 3.7 tons per hectare at a price of US$ 180, the cultiv-
ation of jatropha stays reasonable. In subcase 3 the net farm earnings still rise slightly by 22
USS, to which jatropha contributes around 5 % compared to the base scenario. It is striking
that the area occupied by jatropha from subcase 2 to subcase 3 is expanded from 0.48 to 0.61
ha. This is due to the lower labour demand per hectare. Although the area is widened by ap-

proximately 20 %, both, the contribution to total farm profits as well as the profit itself de-

1% For an overview of all codes programmed with GAMS for all scenarios and subcases considered in the fol-
lowing, see Appendix II (Codes I — IX).
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crease just slightly by 0.4 %. As the absolute production levels of the traditional crops were
fixed ex-ante, their relative shares decline by a factor corresponding to the contribution of

jatropha to the total farm earnings.

Only in the worst-case scenario with a price of US$ 140 and a representative yield of 3.7 tons
per hectare jatropha is not a viable option anymore, and thus, not cultivated. As the produc-
tion areas of traditional crops were fixed for calculation, the optimal crop mix is exactly the

same as in the base scenario.

The shadow price for labour in July, when the labour peak occurs, is extremely high for sub-
scenario 1 at US$ 66.90. Worsening the assumptions in sub-case 2 it is only 15.70, and 14.70
USS in sub-case 3 and in the last subcase it equals the standard wage rate for family labour in
the amount of 4 US$. This means, that in the first three subcases in July it would be lucrative
to the farmers to hire additional labour force, as far as off-farm labour was available, whereas
in subcase 4 the farmers would not increase their production, since the labour shadow price is
below the price for hired labour. On the other hand, neglecting the assumptions made for
scenario b — fix production levels of all other crops except jatropha corresponding to the base
case —, the solution is identical to the one of the base scenario, revealing the effective shadow
price for labour in August (see above), that equals the value of 11.40 USS. As in this scenario
(b) the extent to which jatropha is cultivated is the only variable, one can at least say that the
value of labour by tendency rises and falls, respectively, with the profitability of jatropha,
measured on a per hectare basis, but as the particular optimal production levels are highly in-
terdependent, it would be precarious to conclude a definite correlation between the profitabil-

ity of jatropha and the labour shadow price.

5.4.4.3 Scenario ¢ — Profit Maximization

In the last scenario only the production of annual crops is fixed corresponding to the respect-
ive subsistence requirements. As citrus is not needed to maintain subsistence, its production
level is only bounded upwards, for the aforementioned reasons (see Section 5.4.4.1 — scenario
a). In the optimal solutions of subcases 1 and 2 jatropha is cultivated on an area of 2.4 ha,
while citrus is slightly displaced by jatropha. The reduction of the area covered with citrus is
reduced by 0.01 ha. The net farm earnings rise by a much greater extent than in scenario b. In

the first sub-scenario they even reach the value of US$ 1016 of which jatropha generates 64
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%. Like in scenario b, the cultivation of jatropha stays beneficial until the third sub-case, in
which the total profit still rises by US$ 45 with regards to the base-case and the share of

jatropha of the net farm income is around 22 %.

In sub-case 3 jatropha is cultivated on an area of 2.89 and citrus on 0.42 ha. Regarding sub-
case 2, this means a rise in both areas, whereas the total farm profits gently decrease by ap-
proximately 11 US$ or 1.9 %. By cultivating jatropha it is possible to alleviate labour scarcity
and therefore, to achieve a higher net income. Generally, citrus would also enable the farmers
to do so, as it is cultivated in months others than August, when land is to be prepared and in
the base case the labour peak is reached. Although the crop offers a higher profit per hectare,
jatropha is more profitable in terms of labour demand due to the fact, that the labour require-
ment for citrus cultivation is highly concentrated in specific months, while jatropha shows a
much more modest and balanced labour requirement throughout the year (see Table 19). For
this reason, jatropha can be planted on a larger area.'” While in the first two sub-scenarios the
area covered by annual crops stays constantly at the levels of the base-case, it is expanded

(hier in subcase 3) insignificantly in the case of the beans-cassava cycle.

Analogous to scenario b in sub-case 4 the cultivation of jatropha is not economically reason-

able anymore. Again the optimal crop mix matches the results of the base scenario.

The shadow prices for labour resulting from scenario c for the first three sub-cases are in gen-
eral lower than the prices calculated for the previous scenario. This reflects the changes in the
assumptions made. As the production levels are less restricted in scenario c, the production
capacities are exhausted more efficiently compared to scenario b. For the same reason, the
calculated labour shadow prices are far closer to the given regional standard wage rate. In the
first two sub-cases labour shadow prices exist for July and November. The one for July stays
constantly at US$ 12.60 in both sub-scenarios, as they are mainly determined by the crops
more profitable in terms of profit per workday. For that reason, the shadow price for labour
does not change, although the price for jatropha seeds falls by nearly one quarter. This was
proven by lifting the labour limit in July by one workday to 64 days per month. It could be
seen, that the level of production did not increase, but rather decrease. Obviously, the main

determinants for the labour shadow price are citrus as well as cassava (and beans, due to the

7 Even neglecting the side condition with respect to citrus (i. e. without applying the upper bound for citrus cul-
tivation of 0.42 ha.), its production is only increased marginally, while Jatropha is also increased slightly com-
pared to the case, in which the restriction is considered.
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cycle constraint). By contrast, in the aforementioned modification of sub-case 1 and 2 the pro-
duction levels of these crops were increased. Analogously, the decline of the shadow price for
labour in November from US$ 16.60 in sub-case 1 to US$ 4.70 in sub-case 2 underlines the
strong impact outgoing from the change in profitability of jatropha, since its labour demand is
relatively intensive in that month. In compliance with the modification made (see above) this
result has been verified. In other words, in sub-case 1 in November (as well as in July, but
less) it would profit the farmers to employ temporary labour, if it was available, whereby
jatropha would generate the largest share of the additional net income, whereas in sub-case 2
hiring temporary labour would not pay off, as the standard wage rate is above the computed

shadow price of 4.70 USS.

In sub-case 3 there are labour shadow prices for January and July, which value at 5.1 and
11.40 USS, respectively. Following the above explanations, the shadow price for July drops
slightly mainly due to the higher labour resource consumption as a consequence of the exten-
ded production of citrus and the beans-cassava system. In January the labour shadow price
values at US$ 5.10. Hence, hiring temporary labour would pay off in January, as the shadow
price is above US$ 5. Rising the amount of labour available by one workday, jatropha produc-

tion is increased slightly, and an extra profit of US$ 0.35 is obtained.
The results of sub-case 4 — the worst-case scenario — again reflect the results of the base case.

jatropha is not profitable anymore and therefore, not cultivated. All results are summarised in

Table 23.
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5.4.5 Conclusions

By means of the model constructed it could be shown that the cultivation of jatropha could be
economically reasonable, except in the worst case of relatively pessimistic assumptions with
respect to prices and yields. In terms of sustainability it is to be awaited, how the variables
will develop in the future. While against the background of an upwards price trend for crude
oil the price of jatropha is unlikely to fall, yields as well as production costs are linked with a
high degree of uncertainty. As reported from projects in other countries (e.g. India), fertilizer
use could enhance outputs substantially (OUWENS et al. (2007)). Reversely, one could pos-
sibly assume a decline in yields as probable. Considering the financial situation of the farmers
subject to this study, fertilizer use is not likely to be applied by them. In this context further
research should be aiming at the re-use of the seedcake as manure. A supposable alternative
could be the re-buy of the seedcake from the oil processing companies for a relatively small
reduction of the price received. Besides yields and prices, other factors affecting the profitab-
ility of jatropha, such as pests, diseases, or unexpectedly high labour requirements, which
cannot be precisely predicted, as the respective research is still in its infancy. According to
SKODDOW et al. (2008), the same as for fertilizers is expected to apply for pesticides, as well,
but no hard data is available, yet. The data used are largely based on estimations. For that
reason, fertilizer and pesticide costs are not considered in the framework of this analysis, as
they were on the one hand eligible to reduce the profitability of the plant, but — on the other
hand — simultaneously capable of increasing yields considerably. With regards to/As regards
the labour demand, jatropha has — like other perennial crops, too — the great advantage, that no
land preparation (except during the first time of plantation) is required, an important fact con-
sidering the prevailing labour scarcity and the great impact of labour costs to agricultural pro-

duction.

Leaving the microeconomic perspective, provided that the future development of the variables
will not match the worst-case scenario, the cultivation of jatropha is likely to be an opportun-
ity not only to improve the economic situation, but also to contribute to rural development, e.
g. the improvement of the local energy supply or the (local) infrastructure. The fact, that
(private) companies are directly involved into the value chain, could accelerate the develop-

ment process, since they have an own interest in upgrading the distribution channels.

While the economic potential is assessed to be existent, the main risks are of an ecological as

well as a social nature. On the one hand, the replacement of conventional diesel by jatropha
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oil helps to reduce CO,-emissions, but on the other hand, there are other factors already dis-
cussed (see Section 5.3.2) affecting the energy- and GHG-balance as well as the environment.
The most problematic case would be the displacement of tropical rainforest. In order to be
able to benefit from the entire ecologic potential of the crop, the government ought to ensure,
that the tree is only planted on deforested and degraded land. The risks accompanied by in-
tensive agricultural practices in this case can be neglected, as they are very unlikely to be ad-

apted by the target group.

The second main risk concerns the national food security, which would be further deteriorated
as it already is at present (see Section 5.1.2). By looking at the results of scenario ¢ one can
already figure out, that the crops, whose production levels stay at the respective subsistence
levels will be the crops displaced, namely the rice-plantain as well as the maize-cassava cycle.
This assumption can be proven by putting aside the subsistence restrictions. In the first three
sub-cases which — in this regard — are decisive, the net income raises at the cost of the dis-
placement of basic food crops. Only the beans-cassava cycle is further produced in all sub-

scenarios, since beans are very lucrative to cultivate.
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6 Summary and Outlook

Even though fossil energy carriers are expected to remain the predominant energy source at
least until 2030 (IEA (2006b), p. 2, IPCC (2007), p. 272), in the last decade economic, ecolo-
gical, and political interest in biomass as a source of renewable energy has become more and
more intense around the world, as it is potentially capable of contributing to the mitigation of
climate change as well as the improvement of energy security and rural development. During
the past decade this has been reflected by continuously growing production figures accompan-
ied by remarkably increasing investment flows and biofuel policies promoting renewable en-
ergy carriers including biofuels, such as legally binding targets. Independent projections agree
upon the fact, that within the next decades the biofuels sector will continue to expand rapidly,
but come to highly varying conclusions as regards the estimates of absolute numbers. Never-
theless, it is compulsory looking into this subject, as biofuels as one option of a wider portfo-
lio of renewable energy sources (DE LA Torre UcartE (2006)) are not only potentially benefi-
cial but also holding uncertainties regarding eventually negative impacts on both, environ-

ment and society.

Crucial indicators to assess environmental impacts of biomass production are the energy and
GHG balances as well as ecosystem impacts. Thereby, the most severe consequences are ex-
pected to arise from land-use changes, in the worst case the conversion of natural forest into
an intensive cultivation of bioenergy crops, having been observed in various countries such as
Malaysia, Brazil, and Indonesia. In these cases the overall life-cycle balance is likely not only
to diminish but to even turn negative. In general it can be said, that benefits are assumed to
occur most probably in case of an extensive and diverse cultivation either replacing an intens-
ive one, or being implemented on land which is undergoing uncontrolled degradation
(KARTHA (2006), p. 2, SRU (2007), p. 49). According to the aforementioned arguments, the
actual contribution of a particular biomass path to climate change mitigation is to be ques-
tioned unless a precise and comprehensive life-cycle assessment is performed (“well to
wheel” approach), proving either predominantly positive or predominantly negative ecologic-
al effects (SRU (2007), p.39). In the framework of each analysis of bioenergy production sys-
tems the specific local conditions need to taken into account in order to avoid generating en-

vironmental problems (KARTHA (2006), p. 2).
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Another sensitive issue linked to the cultivation of biomass is the assurance of food security,
as the cultivation of biomass feedstock is becoming more attractive due to steadily rising en-
ergy prices and therefore, displacing food production. This leads first, to a shortage of food
supply and second, to increasing food prices affecting most the poor sections of the popula-
tion already having an insecure access to food. Therefore, a shift from food to bioenergy crop
production is to be avoided, since food security is a basic human need which should not be
compromised by bioenergy development. Also a problem especially affecting the populations
of developing countries refers to labour conditions and land rights. As most of ambitious bio-
fuel targets around the globe cannot be met by own produces (e.g. Europe), increasing export
volumes from developing countries not corresponding to a sustainable production scheme in
terms of this study are expected (SRU (2007), p. 85). Therefore, in order to avoid or at least to
minimise possible negative impacts and rather to promote the potential benefits, the entire
supply system for bioenergy — from feedstock cultivation right up to its respective down-
stream processing — international trade should be forced to comply with respective ILO stand-
ards that set out rules sustainable bioenergy development should abide by (FRITSCHE et al.
(2006), pp. 9, 20 f.). In case the whole production chain is managed adequately, synergy ef-
fects leading to significant benefits can be achieved between the production of biomass for
bioenergy on the one side and climate and environmental protection as well as social and eco-
nomic development on the other side (SRU (2007), p. 49). “In either case, providing social
benefits will require engaging local communities and understanding the current uses of the
land, such as food production, livestock grazing, and fuel wood gathering. Bioenergy crop
production can be a suitable alternative to fossil fuels, if it is designed in a participatory man-
ner with those whose livelihoods will be affected” (KARTHA (2006), p. 2). Regrettably, no
certification scheme exists, yet, covering all aspects of sustainability. Moreover, since all ex-
isting certification schemes are of a voluntary nature the enforcement of necessary standards

cannot be assured (SRU (2007), p. 102).

Peru has made some initial steps towards the development of a sustainable biofuel industry.
Within actions taken, a basic legal framework as well as fuel blending targets of 7.8 % by
2010 for ethanol as well as 2 % by 2009 and 5 % by 2011, respectively for biodiesel were set
and also environmental concerns are being addressed (ROTKOPF (2007), p. 102). Peru’s agri-
culture is attending with some very good preconditions for the production of both, ethanol as
well as biodiesel. Especially the sugar cane industry as it has the highest yields in the world is

very promising to promote ethanol production. However, at present the production of biofuels
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is still in an experimental stage with low production rates for ethanol and almost no produc-
tion of biodiesel. Consequently, it seems rather impossible at the moment to fulfil the mandat-
ory fuel blending targets mentioned above. Nevertheless, there is a huge interest of national
and foreign investors to promote the biofuels industry. Many promising investment projects

are already in process or at least announced.

As for jatropha, by means of an LP model it could be shown that in the region of San Martin,
Peru the cultivation can generally be considered to be viable in economic terms. Thereby, it
could help farmers to improve their situation in regards to income generation and rural devel-
opment. Nonetheless, uncertainties continue to exist with respect to environmental and social
externalities. The model confirmed assumptions about possibly resulting food shortages, as
less profitable food crops c. p. would be replaced. If food security is to be maintained, any
further incentives should be set up by politicians to ensure the current level of food supply
and not to shift from food to jatropha production (ACHTEN et al. (2007), p. 288, JONGSCHAAP
et al. (2007), p. 23).

The energy and GHG balances, on the other hand, are expected to be positive, but signific-
antly dependant first, on the type of land used for cultivation — marginal land, wasteland, or
natural forest — and second, on the type of cultivation, particularly its intensity. In case of con-
verting wastelands effects seem to be acceptable or even positive, whereas converting natural
forest would be accompanied by undesirable consequences (FRANCIS et al. (2005), p. 22). The
impacts on soils, biodiversity, and on water balances are partly uncertain. Generally, jatropha
is regarded to be capable of sustaining or even reclaiming soil fertility as well as enriching
biodiversity. In the case of Peru this is an important factor to consider, as the Peruvian
Amazon region counts with 3,000,000 ha of deforested land, which could be used without
provoking further severe land-use changes. Presuming an average yield of 6 tons of seeds per
hectare, on average containing 33 % of vegetable oil, by cultivating only two thirds of this
area Peru's total demand for diesel could henceforth theoretically be replaced by jatropha-
based biodiesel. At least by only cultivating 5 % of the deforested area, the blending targets
by 2011 for biodiesel could be fulfilled (see Appendix I (Table XIII)). Not least from this
point of view — put the case that all potential benefits and risks have been carefully considered
— jatropha is to be an option worth fostering. On the other hand, as long as uncertainties still
remain, small scale farmers should not invest. There is still an urgent need for further research

with respect to seed yields, yield responsiveness to inputs, land-use impacts, and the systemat-
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ic selection of the best suitable genetic material (ACHTEN et al. (2007), p. 289). Besides, fur-

ther necessary investigation refers to health risks due to toxic elements of jatropha.
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Figure I: Development of the crude oil price per barrel, 2005 — 2008
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Figure II: Overview of the materials use life cycle
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Figure III: Labour requirements (total and subsistence production activit-
ies) of a typical bush fallow farm and monthly
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Fig. 1. Labor requirements (total and subsistence production activities) of a typical bush fallow farm and

monthly ramfall.

Source: WHITE et al (2005a), p. 188.

Table IV: Overview of different types and technologies to generate biofuels
(1* generation)

Overview of different types and technologies to generate biofuels (1* generation)

Biofuel type Specific Name Biomass Production
feedstock Process
Bioethanol Conventional bioethanol Sugar beets, grains Hydrolysis and
fermentation

Pure Pure plant oil (PPO) Oil crops Cold pressing/

vegetable oil (e.g. jatropha) extraction

Biodiesel Biodiesel from energy crops Oil crops Cold pressing/
Rape seed methyl ester (RME) (e.g. jatropha) extraction and
Fatty acid methyl/ ethyl ester transesterification
(FAME/FAEE)

Biodiesel Biodiesel from waste Waste/cooking/frying oil Transesterification
FAME/FAEE

Biogas Upgraded Biogas (Wet) biomass Digestion

Bio-ETBE'® Chemical synthesis

Source: Own illustration, following BIOFUELS RESEARCH ADVISORY COUNCIL (2006), p. 11.

108 ethyl tertiary butyl ether (ETBE) (etherification of ethanol and isobutene,
a by-product of refinery processes)
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Table V: Summary of current production, future targets and policies in
various countries

. . Future targets - Main Biofuel policies (ex- | Main trade policies
Biofuel Current capacity . sources for .. .
quantity and year . plicit) for biofuels
biofuel
UsS 18.4 billion litres 28 billion litres of ethan- | maize and in excise tax credit, import tariff of $0.1427 per
of ethanol (2006), | ol by 2012 and 1 billion future mandatory blending, litre ethanol plus advalorem
284 million litres litres of cellulosic ethan- | cellulosic capital grants, vehicle tariff with some exemption
biodiesel (2005) ol by 2013 sources subsidies for carribbean countries
Brazil 17.5 billion litres 25 % blending of ethanol | sugar cane, mandatory blending, 20 % advalorem import tar-
(2006) (has been in effect for soybean capital subsidies, vehicle | iff
long time), 2.4 bill. litres subsidies on ethanol (waived in case
of biodiesel by 2013 of domestic shortage
EU 3.6 billion litres of | 5.75 percent of rapeseed, excise tax credit ad valorem duty of 6.5 % on
biodiesel (2005), transportation fuel on sunflower, (beginning to be phased biodiesel and import tariff
1.6 billion litres of | energy basis by 2010 wheat, out), carbon tax credit, of
ethanol sugar beet mandatory blending, $0.26 per litre on ethanol
(2006) and barley capital grants and fund- (latter is waived for some
ing for R&D categories countries)
China 1.2 billion litres of | na* maize, subsidies and tax breaks import tariff of 30 % on
ethanol (2006) cassava, but only for non-grain ethanol
sugar cane feedstock
Colombia | 400 million litres 10 percent ethanol sugar cane, mandatory blending, tax ad valorem import tariff of
of ethanol (2006) blending in cities exceed | oil palm breaks for sugar cane 15 % on ethanol and 10 %
500,000 people since plantations, capital on biodiesel
2006 subsidies
Indonesia | 340 million litres 10 % ethanol and 10 % oil palm mandatory blending, lower export tax for
of biodiesel biodiesel effective April capital subsidies processed oils compared to
(2006) 2006 crude palm oil
Malaysia 340 million litres 5 % biodiesel from April | oil palm mandatory blending, lower export tax for
of biodiesel 2007 capital subsidies processed oils compared to
(2006) crude palm oil
Thailand 330 million litres Na cassava, price subsidy, capital import tariff of 2.5 baht per
of ethanol(2006) sugar cane subsidies, litre and ad valorem tariff of
molasses 5 % on biodiesel
Canada 240 million litres 5 % ethanol by 2010 and | maize and mandatory blending, import tariff of $0.1228 for
of ethanol (2006) 2 % biodiesel by 2012 wheat excise tax credit, capital ethanol and $0.11 for
subsidies biodiesel
Argentina | 204 million litres 5 % biofuel by 2010 soybean excise tax credit, low export tax (5 %) for soy
of ethanol (2006) mandatory blending, biodiesel compared to soy
export tax exemption on | beans (23.5 %) and soy oil
biofuel blends (20 %)
India 200 million litres 5 % ethanol in select cit- | sugar cane mandatory blending for advalorem duty of 199 % on
of ethanol (2006) ies and 10 % biodiesel molasses, ethanol, capital subsidies | CIF value of denatured
by 2012%* jatropha (in ethanol and 59 % duty on
future) undenatured ethanol
Australia 170 million litres 350 million litres of bio- | wheat and producer subsidy, capital | import tariff of $0.31 per
of ethanol fuel by 2010 molasses grants, vehicle standard litre on both ethanol and
biodiesel
Japan insignificant 360 million litres by imported excise tax credit ad valorem import duty of
2010 and 10 % biofuel ethanol 23.8 % on fuel ethanol (to
by 2030 be lowered to 10% by 2010)
Peru Around 30 million | 2 and 5 % of biodiesel Sugar cane Mandatory blending
litres of ethanol in 2009 and 2011; 7.8 %
of ethanol by 2010
Dominic- | Insignificant 15 % ethanol and 2 % Sugar cane Mandatory blending
an Rep. biodiesel by 2015
Philip- insignificant 1 % biodiesel, 5 % eth- Sugar cane, Mandatory blending
pines anol by 2008; 2 % biod- | cassava, yam,
iesel, 10 % ethanol by sweet potatoe
2011
Bolivia insignificant 2..5 % and 20 % biod- Sugar cane Mandatory blending

iesel by 2007 and 2015

* data not found
** biodiesel policy has not yet passed into law in India and is merely a government preference at this point. Note: agricultural policies that
affect production of biofuel crops is not covered here

Source: RAJAGOPAL et al. (2007), p. 106, REN21 (2008), p. 39.
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Table VI Production Costs for bioethanol and biodiesel

for selected countries

Country / feedstock | Cost / litre (US$)
Bioethanol
EU ( wheat/beet) 0,51-0,80
Brazil (sugar cane, 2005) 0,25
US (maize) 0,40 — 0,50
Australia (sugar cane 2005) 0,38
Thailand (sugar cane 2005) 0,27
China (sugar cane 2005) 0,53
Biodiesel
EU (rapeseed, 2002) 0,40 — 0,80
US (soya, 2002) 0,40 - 0,67
India (jatropha, 2005) 0,40 — 0,53

Source: DUFEY et al. (2007a), p. 19.

Table VII: Final energy consumption according to sources (in TJ)

Source 2006
Mineral Coal 15336
Wood 74 496
Pomace & Yareta 10 243
Bagasse 8955
Solar Energy 2337
Coke 1325
Charcoal 2255
Liquid Gas 34241
Motor Petrol 39522
Kerosene 23 816
Diesel Oil 127 903
Industrial Petrol 45243
Non energetics of Petrol and Gas 9 025
Distributed Gas 13974
Industrial Gas 1678
Electricity 87774
Total 498 121

Source: MEM, (2006), p. 18.



Table VIII: Summary of Announced Ethanol Production Projects

Area on Average Initial Estimated

Project Region Crop e (o) investment Year Production

g (US$) (,000 tons/year)
32 mill. in 5
. 120-150
Maple Etanol Piura (\(alle del Sugar cane 12000 | years, 100 2008 (350 alos
Chira) (new ones) mill. more expec- o
ted 5 afios)
Cafia Brava Piura (valle del 3300 .
(Grupo Romero Chira) Sugar cane (new ones) 40 mill. 2010 54
. 12 000 .
COMISA Piura (Sullana) Sugar cane 81 mill. *n.a 180
(new ones)
Empresa Piura 96 . "
Agricola Chira (Amotape) Sugar cane (new ones) 100 mill. 2006 na
Various Piura (vglle del Sugar cane 500 *n.a. *n.a. *n.a.
Chira (new ones)
Cayalti y 12 000
- i *

Bioterra Lambayeque Sugar cane (only 6500 90-100 mill. n.a 60

new ones)

Tuman Lambayeque Sweet Sor- 300 *n.a *n.a *n.a.

ghum (new ones)

Pomalca 10 000 % % "

(Dedini) Lambayeque Sugar cane (existent) n.a n.a n.a.

Casa Grande- 40 000
Cartavio (Grupo La Libertad Sugar cane (existent) 30 mill. 2007 320 +15
Gloria)
Arena Dulce . 4000 — 7000
(Grupo La L'1berta(.i Sugar cane (3700-6700 *n.a *n.a *n.a.
. (Chavimochic)
Manuelita) new ones)
San Jacinto Ancash Sugar cane *n.a 30 mill. *n.a 36
Andahuasi Lima (Huaura) Sugar cane 10 mill. 2010 *n.a
Paln;a AS clva San Martin Sugar cane 2000 *n.a. *n.a *n.a
Shanao San Martin *n.a. *n.a *n.a. *n.a *n.a
(Lamas)

Ciavasa Ucayali Sugar cane 50 000 50 mill. 2010 47
EDUSAC Ucayali Sugar cane 60 000 120 mill. *n.a *n.a
Andahuasi Saq Marth Sugar cane 10 000 19 mill. *n.a 36

(Cainarachi (new ones)
Calzada Etanol San Martin Sugar cane 500 *n.a. *n.a *n.a
Asoiacion
Agricola Agua Ucayali Sugar cane 50 100 mill. *n.a *n.a.
Blanca
Agroforestal . . N "
Campo Verde Ucayali Sugar cane 80 160 mill. n.a. n.a.
Total with 164026 1 661,36 millions 1098
information (new areas)
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Table IX: Characteristics of Jatropha biodiesel compared to European spe-
cifications

Characteristic Jatropha biodiesel | European Standard | Remarks
Density (g cm? at 20°C) 0.87 0.860-0.900 +
Flash point (°C) 191 >101 +
Cetane no. (ISO 5165) 57-62 >51 +++
Viscosity (mm?/s at 40°C) | 4.20 3.5-5 (40°C) +
Net. Cal. Val. (MJ/L) 34.4 (or 39.5MJ/g) | - -
Iodine No. 95-106 <120 +
Sulphated ash 0.014 <0.02 +
Carbon residue 0.025 <0.3 ++
Note: + indicates that jatropha performs Source: FRANCIS et al. (2005), p. 18.

better than the European standard for diesel

Table X: CBA - Calculation for the Small Farmer

Jawrepha Curcas 1 2 3 4 5 & T §-20
Us§ 2003 2009 2010 2011 20112 20113 2014 2027

Irvestment cost (st vear 1.200.00
Interest R ate 10% 120,00 100,00 50,00 E0,00 40,00 20,00
Pay back of Investment 200 00 200,00 200,00 200,00 200,00 200,00
Annual operative costs 300,00 300,00 300,00 300,00 300,00 300,00 300,00 300,00
Total costs 320,00 EO0 00 580,00 SE0,00 540,00 520,00 300,00 300,00
Revenue 162,00 432,00 10,00 |[1.08000 | 1.0580,00 |1.08000 ( 1.080,00 [1.080,00
Cash flow -158,00 [ -165,00 230,00 520,00 240,00 260,00 7&0,00 780,00
Interest rate of discount G% Annual
Period of evaluation 20 Wears
Het Present WValue 5.047 per ha

Source: Own calculation based on figures received by the DED (2008).
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Table XI: Cost and benefits of the vegetable oil sector

Costs and Benefits of the vegetable oil sector

Costs US$
Investment costs
Annual operative costs (US $/t) 240
Cost from the seed 180
Cost from transport 30
Operative and administrative expenses 10
Amortization from the equipment and goods 20
Total annual operative costs (800 tons) 192, 000
Revenues US $1t
Revenue per ton of jatropha seeds 274
Vegetable oil (326 litre — 33 % efficiency) 228
Jatropha meal for fertilizing (700kg) 46¢
Total annual revenue (800 tons) 219 000
Period evaluation (years) 20
Interest Rate of discount 8 %
Net Present Value (US $) 153 529

* Figures are rounded.

Table XII: Calculation of the CBA of the vegetable oil sector

Source: own illustration of the author based on results of the CBA

VEGETABLE OIL SECTOR 1 2 3 4 5 & 20
uss 2008 2009 2010 2011 2012 2013 2027
Inwestin ent
Qil extraction Press 32300
Filter A a00
il 6400
Industrial Balance 500
Area for oil processing plant 25000
Drying area 10000
Factory building for oil processing 25000
Total investment 106 H 00
Iritere st for financing 10%
Retum ofthe inve stment -27 963 -27 963 -27 963 | 27963 -27 963
Operative Costs 192.000 | 1592.000 [ 192.000 | 192000 | 192.000 192.000 | 192.000
Total costs 219963 | M9.965 | 219.963 | 219965 | 219.963 192.000 | 192.000
Income 219.009 | 219.009 | 219.009 | 219.009 | 219.009 219.009 | 213.009
Cash flow -953 54 -953, 84 -953,84 | 95384 -953,84 | 27.008,70 (27 .0058,70
Interes rate of dizcount &% Annual
Petiod of evalustion 20 Ears
Net Present Value 153.529

Source: Own calculation based on figures received by the DED (2008).
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Table XIII: Cost and benefits of the public transport sector

Costs and Benefits of the public transport sector

Costs UsS$
Diesel D2 (US $/litre) 0.87°
Jatropha / vegetable oil (US $/litre) 0.70
Consumption and Expenses
Consumption per day/ per year (litre) 45 /14 400 (320 days)
Annual Expense for Diesel D2 (US $/ year) 12 456
Annual Expense for jatropha oil (US $/ year) 10 080
Annual Savings (US $/ year) 2367
Investment costs (US $) 1700
Amortization from the investment (months) 7.63
Period evaluation (years) 20
Interest Rate of discount 8%
Net Present Value (US $) 45239
* Figures are rounded. Source: own illustration of the author based on results of the CBA

Table XIV: Calculation of the CBA of the public transport sector

PUE LIC TRAHSPORT SECTOR 1 2 3 1 5 L3 T 20

us4 2007 2008 2009 2010 2011 2012 2013 2025

Investm ent costs per bus 1.700

Interest for financing 10%: 170

Retum ofthe investment 1.700

Incam & 2.104 2104 2104 2104 2104 2.104 2104 2104

Cash flow >34 2104 2104 2404 2104 2.104 2104 2104

Interest rate of discount 5% Lonual

Period of evaluation 20 MEars

Met Present Value 45.239

Source: Own calculation based on figures received by the DED (2008).
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Table XV: Labour demand for Jatropha in case of a yield

of 6 tons per hectare

Aue S Ot Nov Dee  Jmn Fb Mar Apr May Jm  Jul  Days/Tota

Weeding 3 i B f i i i f 3 5 l il
Harvest ) 5 11 g i 5 1l 9 4 4 3 75
Others 05 | 05 | 05 [ 05 |05 ) 05 | 05 [ 05 |05 | 035 | 05 53
55 145 195 155 135 145 185 155 95 95 45 140,

Source: own illustration, based on figures received by the SKODDOW et al. (2008) and the ‘Note’ of Table 19

(see Table 19).

Table XVI: Required Area needed to cover the National Demand for Con-
ventional Diesel by means of Jatropha-based Biodiesel, 2008 — 2013

Year Diesel Consump- Biodiesel B2 and Area of Jatropha (ha) for the | Area of Jatropha

tion (mill. gal- BS consumption production of B2 and BS (ha) for the pro-

lons/year) (mill. gallons/year) duction of B100
2008 965.0 19.3 36,5254 1,826,267.9
2009 1,060.0 21.2 40,121.1 2,006,056.0
2010 1,090.0 21.8 41,256.6 2,062,831.2
2011 1,138.0 56.9 107,683.6 2,153,671.5
2012 1,168.0 58.4 110,522.3 2,210,446.6
2013 1,212.0 60.6 114,685.8 2,293,716.9

Note: Calculations are based on a yield of 6 tons/ha of jatropha seeds containing on average 33 % oil (around
2,000 litres or 528.4 gallons of jatropha oil per hectare)
Source: own calculation, based on AREVALO et al. (2007), p. 13.
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Code I: Scenario a — Base Case

5Title Farm Level Modsl San Martin, Psru (DEMO1,83EQ=9%1)

I
i
[
I
3

P — P P
2 #*55title Crop Data

-
4 S0Ontext
T RAAT e o . - 7 -~ S 3 = / A o | A —— -
& GAMS model for assessing the profitasbility of (scenaric a - base cas»
o ™aearrd A
= L T L=

'
el

[
L
8]
h
-
ot
n
v
ol

3 Sets < crops / rice, maize, cassaval,cassaval2, beans,
.4 banana, citrus, falland /
5

derops / rice, maize, cassaval, cassaval,

lzborreg(t,c) crop and fallow land labor requirsments (man-days per hecw

ze cassaval cassaval beans banana  ciltrus fzalland
. 10. 10. 10.

[V W5 ]

(ST L B S WA ]
[
f
=]
[ R

3 =k 0. 0. 14, 12.
36 mar 0 0. 20. 0. 15.
37 apr 10. 10. 0. 0. 20.5
38 may 0 0 o 1z2. 30.5
3% jun 0. 0. 30. 0. 30.5
40 Jul z1 21 0. 30.5
L aug z1. 21. 1z2. 11
42 s=p 10. 10. 10.5
43 oct 10. 10. 10.5

10. 0. 4, 10.5

0. 0. 0. 10.5

4% Parameters

13.0, cassavaZ = 13»

o
-
3]
il
in
in
w
=
1
fid
=
1}

4]}
]
o
i
]
=]
in
]
—
=
[a )
£
=]
il
i
i
1}
g}
-
9]
H
ot
1
o
in
]
1
[¥%)
-

52 =z (dollars per ton) /
5 30, maize = 111, cassaval = 4&, cassaval = 4¢
z 33, banana = 56, citrus = 111

oLnonoan
=l N e L

X3
159

2 Scalars land farm size t(hectares) /!
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=1 o O a3 N a O an LN
VI VI Y O R O T B R Y a

[N e

—-

73 Positive Variable zcrop, flzk , Zout,

74
75
7E

-1
I

-1
LU e W

-1

[

oo -

[ )
o s ST B R W I G I B

[ R s i}

S R Y R v

O A IR BT & I T & B B & BT BT & Y B s i
LCa T RS e TR ) BT SR DS |

Variables

Equations

lakorbalit

income. .

landprep(t

cyclel. .

family labor availakbles
= temporary lakor wage
abor

wage

variables and equations

xerop (o) activity
yiarm farm 1 me

ravenus valuse of production
labcost labor cost

flab(t) family labor use
tlabi(t) temporary labor

tlzalk
landkzal (t) land balance
laborbalit)
flabor (t) family labor b

El
revenue accounting

labor balancs

arev
abor cost accounti
labor = ccounting

zlak t
income definiticon

incoms
landprepi(t) landpreparation demand
rice-pl

antain-plantain

cyclel

maize-cassaval-cassaval

=3
sumic, xcropic)) =1=

}oa. sum (<,

sumic,
labcost sumit,

yifarm revenus - labcost

}o. =mcrop("falland") =g= sumid,
Z*ycrop("rice")

Z¥xcrop("maizse")

Z*xcrop("beans")

Model demol farm labkor model / all /;
zcrop.LO("cassaval") = 0.5;
xorop. Lo ("cassaval) = 0.2;
xcrop.LOo("malze™) = 0.25;

xcrop.Lo ("keans™) = 0.1;
xcrop.Lo("kanana") = 1.7
xcrop.Lo("rice™) = 0.5;
zcrop. Lo ("citrus") = 0.4£2;

xocrop.UP ("citrus") = 0.42;

tlak.UP (L)

= 0.;

124

®cropic) *laborreg(t,c)) =1

+ sum(t,

tlab (t)] *twags)

=== xcrop("banana™)

idays per month) /
(dollars per day) /

(hectares)
(davs)

(davs)

(dollars)
(dollars)
(dollars)
(hectares
(hectares
(hectarss

4
!
4
!
4
!
(hectarss)

flab(t) +

xcrop (d))

L]

[ S e

¥

tlabit)

Zerop(c) *yvield(c) *price(c))

flakb(t) *fwa

e)
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133
134
135
136

137
138

141
142

143
144
145
l4e
147
148
149

[
wu
=

et nodnon
B A0 IS o PR R G T B

LN« e

S IR ST ) BT PR R S i B

e IS AR L VR S s L = T s SR S VI = R s VR )
W

=]

1

1
S

Solve demol using lp maximizing yfarm;
Sets crep / landuse, output, revenue, profit, profitpec, profitclear /
lrep / demand, family, temporary
unused /
cycrep Jeoyclprofitclear,cyciprofitclear,cyc3profitclear,
cyclprofitpe, cyclprofitpe, cyocl3profitpco,

cycllanduse, cycllanduse, cyc3landusse [/

Parameters croprep Crop ISpOort SUMmMary
labrep labor report summary (davys)
cyclerep cycle report summary;

croprep("la = xcrop.lic);
("output™, <) = xcrop.lic)*yvield(c);
("revenue",c) = croprep("output”,c) *pricelc);
("profit",c) = croprep("revenue",c)- Hcrop.lic) * sum(t, laborrsg(t,c»

cc);
"profitpce",d) = (croprep("profit",d) - xcrop.lid) * Z1 * fwage) * 100»
sum|cec, croprep("profit",cc));

aliasic,ccc);

croprep ("profitpe",p) = croprep("profit",p) * 100 / (sum(ccc, croprep("profitws
"eocco)h) g

aliasic,cccc);
"profitclsar”,d)

croprep ("profitpe”,d) * (sum{ccce, croprep("profs
2y by S 100 g
("profitclsar",p) = cr

prep ("profit",p) ;

o
sum(c, croprep(crep,c));

Z 7
-

labrep(t, "demand") = sum(c, xcrop.l{c)*laborregit,c)):
labrepit,"family") = flab.1l(t);

labrep(t, "temporary") = tlak.l(t);

labrep(t, "unused") = -laborbal.l(t);

labrep( 1", lren) = sum(t, labrep(t,lrep)};

cyclerep("cyclprofitclear"”,

a) = croprep("profitclear",a) ;
cyclerep ("cyclprofitelear",b) = cro
4
!

prep({"profitclear",b) ;
) -,
\

cyclerep ("cyc3profiteclear”, £ = croprep("profitclear",f) ;

=

cyclerep("cyclprofitpe",a) = croprep("profitpe",a)
cyclerep ("cyclprofitpe",b) = croprep("profitpes",b)
cyclerep ("cyc3profitpe",£f) = croprep("profitpe ) i

cyclerep("cyc
cyclerep("cycZ
cyclarep ("cyco3lane

= croprep

%

4

) = croprep
) = croprep
cyclaerep(cycrsp, "total™) = sum(cc, cyclerspicycrep,cc));
Display [ha]"
"revanus s "
"profit B2

re "

"profitpc %

"profitclear (2] ", croprep, labrep, cyclerep;
display tlak.l ;
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Code II: Scenario b — Subcase

Peru (DEMCL, 320=91)

[T SR
uy .o
o
=
¢
il
£
1

(s

Sets < crops

porops [/ citrus, Jatropha

20
21 a(c) acrops / rice, banana

28 /
29
30 Table lzborregit,c) crop and fzllow land labor requiremsnts (man-days per hec»

tare)

rics maize cassaval cassavaZl citrus falland

i
ot

TO»

[
(]
=]
i
H
(=)
5]
=
[
(e}
¥

L%

n
I
\

37 may 0 0 10 12 .5 9.2
38 jun 0 ] 30 0 .5 9.2
39 qjul 21 21 0 5 10 4.3
40 aug 21 21 11 0.

41 =zep 10 1a. 5 5.3
42 oct 10 10. 10.5 13.»

I
=
[¥3)
=)

-

= 13»

1

(SR =Y
= w0

3]
i

199 % (5.5 t/ha; US$ 180/¢)
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-
=S
-
=S

3
4
5
g

O O Oy

-

(23]

=1 O
oo

-1 -1
Lo o

73
74
75
TG

[ s 1 -
Lo

[l

[au)
o s I W3 T S VI

[=]
o
o
3
o
3
(o Rl
88
39
90
91
92
93
G4
95
96
97
98
S

miscost(c) misc cash cos
jatropha = 182 /;

* farm and labour data:

Scalars land farm sizs (hactarss

famlabh family labor availakle

twa
fwa

= temporary labor wag
= family labor wage

Wy

Sztitle end
Variables =xc croppling

Y farm inc
valus

Equations landbazalizt) land balanc
laborbkal(t) labor balan
flabor(t)

arev revenus acc
alalb labor cost
incoms income definition

landprep(t landprepara

rice-p

landbal (t) .. sum(c, xcrop(c)) =1

ize = 111,
nana = 5&,
Tz (dollars per hectars) J

=
ce

accounting

tic

demand

varizkles and sguatlions

({davs per month) /!
e (dollars per day) /

1tain-plantain

beans-cassaval-cassava

()]

Lo
1=y
-

1
—

0

[hectarss)
(dollzars)
(dollars)
(dollars)
(days)
(days)

{hectares)
(davs)
(days)
(dollars)
(dollars)
(dollars)
(hectares)
(hectares)
(hectares)
(hectares)

Iy =

-

laborbal{t).. sumic, xcroplc)*lakorreg(t,c)) =1= flak(t) + tlab(t):

flabor(t) flabi{t) =1= famlab H
arev. . revenus === sum(c, xcrop(c)*yiseldic)*prics(c)) H
alab.. labcost === sum(t, tlabit)*twags) + sum(t, flabit)*fwags)
income. . yifarm =e= revenuse - labcost

i

landprep(t).. =crop("falland") =g=
cyclsel .. ZHzcrop ("rice") =a=

cyclseZ. . Z¥xcrop ("maize") ===
cyclae3. . Z¥xcrop ("beans") ===

Model demcl farm labor model / all

sum (cl,

127

xcropld)) i
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=]
b
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[N + I v v}

e I VR BT S Y I %

(R S S B o B O T S A T o T 0 B o B A5 I

[
(5]
= oW o

—
(W3]
»

133
134
135
136
137
138
139
140
141
14z

143
144

145
l4g

147

[
1
[==]

[T T« S B & SR ) Y S S I = e

LT T O S S S S A O T O O T Y 8 Y8 A Y 4

[ R e =
G s Ll b b

#ocrop.LO ("cassaval") = 0.3;
Horop.Lo ("cassaval"™) = 0.4Z;
xcrop.Lo("maize") = 0.25;
zcrop.Lo ("keans") = 0.21;
zcrop. Lo ("kanana") = 1;
xcrop.LO("rice") = 0.5;
xcrop.UP ("cassaval"™) 0.5;
x:r~p.7Pt"C“ saval) 0.42;
xcrop.UP ("maize") = 0
®Crop TPc"Dpans } =10
zocrop. P ("banana") = 1;
xcrop.UP("rice™) = 0.5;
x:rop.L“'"cit"uf”j = 0.4Z2;
rop.UP ("citrus") = 0.42;

i
U0

o K
=0

OBty = 0.5
Solve demol using lp maximizing yfarm ;

Sets crep / landuse, output, revenue, profit, profitpec, profitclear /

lrep / demand, family, temporary
unused /

cycrep Joyclprofitclear,cyclprofitcl

lprofitpe, cyc

rellanduse, oy

ear,cyc3profitclear,
Zprofitpe, cyc3profitpeo,
cyc3landuse  /

Parameters croprep crop report summary

labrep labor report summary (davs)
cyclersp cycle report summary;
zcrop.lic);
= xcrop.lic)*yviseld(c);
= croprep("output”, c) *price ()
croprep ("revenue",c)- xcrop.l{c) * sum(t,laborrsg(t,c»

("profitpc",d) t",d) - =mcrop.lid) * Z1 * fwags) * 100»

sum(cc, croprep("pr
aliasic,ccc);
croprep("profitpe",p)
Tecoc) )
alias(c,cccc) s
profitclear”,d)

1}
1
(51
[a]
s}
[
11}
sl
d
-
Hh
=
ot
[s
*
I
o
E
o]
o]
(%]
o]
(%1
=)
s}
H
11}
e

.'u

Il
(8l
"
(]
]
H
i
'
=
H
H
ot
]
]

c",d) * (sum({cccc, croprep("prof»

labrep(t, "demand") = sum(c, xcrop.l(c)*laborregl(t,c));
labrep(t,"family") = flab.1l(t);

labrep(t, "temporary = tlab.l(t)-;

labrep(t, "unused") = -laborbal.l(t):

labrep ("total", lrep) = sum{t, labrep(t,lr=p)};

cyclerep ("cyclprofitclear”, a) ep("profitclesaxr™,a) ;
cyclerep ("cycZprofitclear”,b) = Cp:ep( profitclear", ) ;
cyclerep ("cyc3profitelear”, f) oprep ("profitclear", £)
cyclerep ("cyclprofitpe™,a) = croprep("profitpc™,a) ;i

cyclerep ("cycZprofitpe",b) = cro
cyclerep ("cyc3profitpe",f) = cro

prep ("profitp
prep ("profityp

A2 =0 I
" E) s
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[N« R o]

e e e I s |
[ I T T o S T S I

e e N

[aix)

[N e R we |

g

oprep ("landuss",a) g

duse", k)

landuse",£)

cyclerep (cycrep, "total") = sumicc, cyclersplcycrep,cc));

=

Display "landuse
"output
"revanus
"profit
"profitpc
"profitclear

[ T

A e A Lo ot

, croprep, labrep, cyclerep;
display tlzk.l
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Code III: Scenario b — Subcase 2'°

Zan Martin, Psru (DEMOLl, SEQ=91)

a0 s L b
y Uy _—

(=]

=

C

]

v

ol

b
IS
i

]
Sy
h

i [Xal ]

1
[@]
rr
h
it
i
W
ot

cassaval, cassava

i

' . =
S B S BT SR P I B T S

banana

[Talws]

/ citrus, jatropha

(RN« B v e ]

31 Table lzborregit,c)
tare)

and fallow land labor regquirements (man-days per hec»

falland

i
5
Iy}
it
=]
i
"
11
i
]
i
in
in
w
-
W
I
Iy}
w
in
w
v
<
w
L
o
I}
1w
51
in
-
W
]
w
]
w
I8}
e
it
b
5

aTIro»

=]
[
[y
[
o
—
I
[
]
]

(3]
53
H
]
-
«
I
[
=
4]

0 v} 0 12 30.5 9.2

0 0 30 0 30.5 9.z
21. 21 & 30.5 Lo 3
21. 21 12 11

10. 1a. 10.

10. 10. 10.

LAl
[

on

|
o
[l
i
e
[
[l
o
[ax]
¥

= 13»

I
=
[
s

-
It
s
n
1]
i
=t

i
o

|
1
L

= 5.5»

|
wn

‘

110% (5.5 t/ha; US$ 140/t)
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win

[ PRI S ]

o
LSRR T ey

oon

oo
[x]

(S S A S = R R S AR S VR |
[ ) Y O P I R

-]

-
(=]

=]

-1

[8+]

oo

co

[ ]

[ R R i}
[l Y T I B o S ) Y O Y I G

LN s L D

1

[Xe RN« RV & BN s RN BN 4 BT« N & B & s

[=x)

miscost(c)
Jatropha

crop
rice
bean

mi

farm =iz
family 1
temporar
family

{dollars per ton)

maize

= banana

cassaval
citrus

sc cash costs (dollars gper hectars) J

A

= (hsctarss) ;oos.4
abor available (days per month) / 63

vy labor wage (dollars per day) /5 /
zbor wags Ly

Zetitle endogsnous variables and sguaticns

Variables =crop(c) cropping activity
yviarm farm income
ravenus value of production
labecost labor cost
flab(t) family lakbor use
tlab(t) temporary labor

Equations landbzal(t) land balance

laborbal (t) labor balance
flabvor(t) family labor balan
arewv counting
zlab accounting
income initicn

landpreparati demand

landpr
cyclel

zp

rice-plantain-plantain
cyclel malze-cassaval-cassaval

cycled beans-cassaval-cassaval

landbal{t).. sum(c, Hcroplc))

lakorbal{t).. sum(c, Hcroplc)*lzborrsglt,c)) =

flabor(t) .. flak(t) =1= famlab

arev. . revenus === sum(c, xcropl(c)*yisld
alak.. labcos sumit, tlab(t)*twags)
income. . yfarm =e= revenus - labcost

landprepi(t) .. xcrop("fallzand") =g= sum(d, =crop
cyclel.. Z#gcrop ("rice") === xcrop("banana
cyclel .. ZHyeorop ("maize") =a= mcrop("cassa
cycled. . Z*xcrop ("beans") =e= xcrop("cassa

Model demol farm labor model

131

|l necta

res)
(dollazrs)
(dollars)
(dollars)
(days)
(cdavs)

{dollars)
{dollars)
({hectares)
(hectares)
{hectares)
{hectaresg)

r

= flak(t) + tlabit);

(c)*price(c)) ;

+ sum(t, flakt)*fwags)

r

=

=y
Il
¥

b



n
]
oo

oty = 0 -
LB (L) = 0.0

— o s L
]
[N

Solve demol using lp maximizing yfarm;

LI S T S T A T T S e T S T o B O R S I

111 xcrop = 0.3;
12 =xcrop = 0.42;
113 zcrop 257
114 z=crop 215
115 xcrop na 1
11¢ mcrop = 3;
117 mcrop.UB("cassaval") = 0.5;
118 mcrop.UP("cassaval") 0.42;
119 =crop.UP("maize") = 0.25;
120 zcrop.UP("keans") = 0.21;
1 wocrop. 0P ("khanana") = 1:
1 xorop.UP("rice") = 0.5;
1 xcrop.LO("citrus") = 0.42;
1 rop.UBF("citrus") = 0.42;
1
1
1
1
1 Sets crep / landuse, output, revenus, profit, profitpc, profitclear /
1 lrep / demand, family, temporary

Yoo

=
[¥F]
L

wnused /

=
Cad
L

profitclear,cyclprofitelear,cyc3profitclear,
133 yelprofitpe, cyclprofitpe, cycl3profitpe,

134 cycllanduse, cvy duse, cyc3landuss |/

135

13¢ Parameters crop Crop report summary

137 labrep labor report summary (dayvs)

138 cycle

139

rOprep = xcrop.lc);
roprep = xcrop.lic)*yieldic);
= croprep ("output™,c) *pricec);
croprep ("revenue",c)- =Zcrop.lic) * sum(t,laborreg(t,c»

145 croprep("profitpe",d) = (croprep("profit",d) - xcrop.l(d) * 21 * fwags) * 100»
sum(ce, croprep("profit™,cc)):

1l4e alias(c,ccc) s

147 croprep("profitpc",p) = croprep("profit",p) * 100 / (sum(ccc, croprep("profit»
"eoco)l) )
148 alias(c,ccoc);
roprep ("profitclear”,d) = croprep ("profitpe",d) * (sumi{cccc, croprep("profms
it",cccc))) S 100 ;
0 croprep("profitclear",p) = croprep ("profit",p) ;
croprep (crep, "total™) = sum(c, croprepicrsp,c));

"demand")
"family")

"wa

sum(c, zcrop.lic)*laborregit,c));
flab.lit):

tlab.l(t);

-laborbal.lit);

mporary™)

labrep(t, "unused")

e S T BT PR R S B

lakbrep ("total"”,lrep) = sum(t, lzbrep(t,lrsp)):

(Lo s

cyclerep("cyeclprofiteclear™,a) = croprep("profitclear",a)

oprep ("profitclsar”,b) ;

4
!
cyclerep ("cyclZprofitclear”, b) =
cyclerep ("cyc3profitclear", £) = croprep ("profitclear",£) ;

I N N

[ T A T T o T T S O A T T O O B W
o

[ ) B e R e

cyclerep ("cycl: croprep ("profitpc",a) ;
cyclerep("cyciprofitpe",b) = H
cyclerep ("cyc = H
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s o

[l

= p("landuse”,a) ;
= o {"landusae”, k) ;
= o (" landuse", £}

cyclerep (cyersp, "total™) = sumicc, cyclerepicycrepn,cc));

Display "landuse

v

"ocutput
"revanue
"profit
"profitpc

L S T

v oae oo

"profitclear
display tlzb.l ;

, croprep, labrep, cyclerep;
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Code IV: Scenario b — Subcase 3'"

San Martin, Peru (DEMCL, SEQ=%91)

LU S PV S ]

=3}

[==]

vid

Sets o

3
14
5

18 / rice, maize, cassaval,
149 eansz, kanana /
20

21 / citrus, jatropha

o

feb, mar, apr, may, jun,

aug, sep, oct, nov, dec [/

and fallow land labor reguirements (man-days psr hec»

Ll
=3}

(73]

[*3)
[=x]

[T}

beans banana citrus falland

W Ll

1Z.»

o
N
w

e
[
[
(=)
I
=)
o

0. u o 12 310.5 g
0. o] 30 o] 30.5 g
z1. 21. 0. 30.5 3.4
z1. 21. 11 .

[N
1

11.»

"% (3.7 t/ha; US$ 180/t)
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s

-1

-] =J
[Sa it &)

T |
oo -

oo
=

oo

[Sx I w]

CooCD o Co O
e & R BT S PR B

[ual
o0

[N

[ Y & BV B Y LY & BV S B & IR Ve B s x)

nov 10.
dec 0.

Parameters

W S
rarm

and

Scalars land

Variables

Positive Variable zcrop,

Equations

alab..

incoms. .

0. <
0 0

vield(c) crop yield (tons per hectare)
rice = 2.0, malze =

beans = 1.0,

rice(c) crop prices
rice 130, maize =
beans = 435, banana =

miscostic)
Jatropha =

farm s

xcrop(c)
yifarm
avenu

landkal(t)
laborbal (T)
flakor(t)

arsv

alab

family labor availakle

= temporary labor wage
= family

temporary

misc cash costs
182 /;
ize (hectares)

labor wags

and esguations

g acti

income

value of producticon

lakbor cost
family labor use

labor

tlzb

flakb , fout,

land balance
labor balance

family labor balance

revenus accounting

labor cost accounting

incoms definition

landpreparat

o
i
fu
=]
in
|
[
i
n
in

xcropic)) =1= land

xcrop(c) *laborregl(t,c))

2.0,

(dollars

demand
rice-plantain-plantain
ssaval-cass

S Jap— —
sSava-L—Ccassavas

103.5

')

cassaval =

citrus =

(dollars per ton)

cassaval

citrus =

(days per month)

(dollars psr day)

(hectarss)
(dollars)
(dollars)
(dollars)
[davse)
[davse)

13.0,

~acootro
cCassavas

111, jatropha

{hectares)

{davys)

{davys)

(dollazrs)

(dollars)
(dollars)

(hectares

({hectares

4
!
(hectares)
)
3
L

({hectares

1= flak(t)

-

+ tlabit);

== sum(c, xcroplic)*vield(c)*price(c)) H
=== sum(t, tlabit)*twags) + sum(t, flzbk(t)*fwags)

rewvenuse -

135

labcost

cassaval

’

15.»

12.%

Li3iw»

el
¥

15
(s3]

[
oo
=]
¥

b



landprep(t).. =xcrop("falland") =g= sum(d, =crop(d)) 7

cyclal. . Z#xcrop("rice") === xcrop("banana’);
cyclalZ. . 2*xcrop ("maize") === xcrop("cassaval"™);
cycleld. . Zrxcrop("beans") === xorop("cassaval")

Model democl farm lzbor model / all /;

11% wcrop.LC("cassaval"™) = 0.5;

120 xcrop.LO("cassaval™) = 0.42;
E

121 =xcrop.Lo("maize") = 25;

122 xcrop.LCo("beans") = 21;

123 xcrop.LC("kanana") = 1;

124 LOo("rice™) = 0.5;

125 .OP("cassaval"™) = 0.5;

126 xcrop.UP("cassaval™) = 0.42;
E

127 xcrop.UP("maize™) =

128 xcrop.JP("beans") =

129 wecrop.UEB("hanana") = 1;

130 xcrop.UP("rice"™) = 0.5;
131 mcrop.Lo("citrus") = 0.42;
132 xcrop.UP("citrus") = 0.42
133 tlak.UP(t) = 0.;

135 Solve demcl using lp maximizing yfarm ;

137 Sets crep / landuse, output, revenus, profit, profitpe, profitclear /

138 lrep / demand, family, temporary
139 unused /
140 cycrep Jcyclprofiteclear,cyciZprofitclear,cyc3profitclear,

141 cyclprofitpe, cyclprofitpe, cyc3profitpe,
142 cycllanduse, cyclla
143

luse, cyc3landusese /[

144 Parameters croprep crop report summary

145 lakrep labor report summary (dayvs)
1l4¢ cy
147
148

serep cycle

Summary,

"landuse", ) = XCrop.

"output",c) = Xcrop (c)*yieldic);
"revenue",c) = croprep("output",c)*pricec);
"profit”,c) = croprep("revenue",c)- xHcrop.l(c) * sum(t,laborreg(t,c»

ge ;

alias(c,cc);

oprep ("profitpe",d) = (croprep{"profit",d) - x=crop.l(d) * 21 * fwage) * 100»
sumicec, croprep("profit",cc));

alias(c,ccc);

croprep ("profitpe", p) croprep ("profit",p) * 100 / {(sum(ccc, croprep("profits
"ecoc) )

13¢ alias(c,cccc);

157

oprep ("profitclear”, d) = croprep({"profitpe",d) * (sum(cccec, croprep("profs
it",cccc))) / 100
8 croprep("profitclear”,p) = croprep{"profit",p) ;
9 croprep(crep,"total") = sumic, croprep(crep,c));
il

labrep(t, "demand") = sum({c, xcrop.l{c)*laborregit,c)};

labrep(t, "family") flak.1l(t):;

o e
o dn Lnon

[BSIE
]
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"po= tlakh.l(t);
labrep(t, "unused") -lakorbal.l(t);
labrep("total", lrep) = sum(t, labrepi{t,lrsp));

labrep(t, "temporary

cyclarep ("cvelprofitelear”,a)l = croprep("profitclear™,a) :
cyclerep ("cycelprofitclear”, b) = croprep ("profitclear",b) ;
cyclerep ("cyce3profitclear"”, £) profitclear™, £} ;
cyclerep ("cyclprofitpe™,a)l = croprep("profitpcs",a) i
cyclerep ("cyclZprofitpe”,b) croprep("profitpc",b) ;
cyclerep ("cyc3profitpe",f) = croprep("profitps",£f)

cyclerep ("cycllanduse",a) = ;
cyclerep ("cycll ) = .
cyclerep ("cyc3landuse",£) = ;
cyclerep (cycrep, "total™) = sumicc, cyclersplicycrep,cc));

[hal]™
"output [e] ™
"revanues [s1 "
"profit (5] "
"profitpoe E] "

"profitclear [£] ", croprep, labrep, cyclerep;
display tlzh.l ;

Display
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Code V: Scenario b — Subcase 4'2

Peru (DEMOl,SEQ=91)

(B8]

[0 B S N

(s

8

, maize,

ri
kanana, citr

/ citrus, jatropha

feb, mar,

aug, ==,

and fallow land labor reguirements (man-days per hecw»

[¥5]
-l

Ll
oo

[¥3]
O

caszsaval Ccassav

o
(B4
-
[yl
I
=
i
-
-1
i

falland Jatro»

10.»

-5

45 may 0 0. 12 30.5

4& jun 0 0. 0. 30.5

47 jul z1. 21. 0. 30.5

48 aug 21. 21. 11 0.

4% zep 10. 10. 4.7

50 oct 10. 10. 10.5 11.»
4

12 % (3.7 t/ha; US$ 140/t)
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nowv 10 . 4. 4. 1 15.»

22 dec 0. a. 0. . 10.5 1Z.»
1

=3

54 (tons per hectares) /[

55 maize = 2.0, cassaval = 13.0, cassaval = 13»
L0

56 beans = 1.0, banana = 9.6 , citrus = 7.3, jatropha = 3.7»

58 rice(c) crop prices (dollars per ton) J

39 rice = 130, maize = 111, 1 = 46, cassaval = 4¢

el beans = £33, banana = L&, citrus = 111, Jjatropha = 140»

/

el

g2 miscost(c) misc cash costs (dollars psr hectars) J

3 jatropha = 182 /;

o

& £ = 7 o} R,
# farm and labour data:

e LS AT ) B S N )

Scalars land farm size (hectares) o504
famlakh family labor available (days per month) /63

o

e IS VI = YR S U = 3
5]

[

wage (dollars per day) /5 /

-

1

-1
[ I ST ) Y S PR )

Z8title endogenous

Variables

[hectaress)

(dollars)

78 (dollars)
T8 labor cost (dollars)
30 family lakor uss (days)

a1 temporary labor (days)

o

[xs]

2]
e I A ) I S U I ]

Positive Variable xzcrop, flzb , ut, tlab

25 Equations landbzal(t) land balance (hectares)

a laborbal (t) labor balance (davs)

a flakbor(t) family labor balancs (days)

a8 arev ravenus accounting {(dollars)

a9 zlak labor cost accounting (dollars)
0 income income definition (cdollars)

landprep(t) landpreparation desmand (hectares)

2 cyclel rice-plantain-plantain (hectares)
maize-cassaval-cassaval (hectaress)
heans-cassaval-cassaval (hectares);

landbal (t) .. sum(c, =croplc)) =1= land ;

~

xcropl(c)*lakborreg(t,c)) =1= flak(t) + tlabit):

S MO L WD WD D O D
oo [T A Y S )
-

W
i
H
o3
0
-
p
E
[

[N a ]

flabor(t).. flak(t) =1= famlab H

101

102 arewv.. ravenus === sumic, xcrop(c)*yisldic)*pricsic)) H

103

104 alab.. labcost == sum(t, tlab(t)*twags) + sum(t, f£lab(t)*fwags) -

105

10€ income.. yfarm =e= revenue - labcost »

139



landprepit) .. =crecp("falland") =g= sum(d, =crop(d)) =

110 eyclel

ZHxerop ("rice") =e= mzcrop("banana");

2*xcrop ("maize") =e= xcrop

Z¥zcrop ("beans") =s= xcrop{"cassavall);
farm lazbor model / z2ll /;
aval"™) .5;
avai") 4Z;
"=
"=
banana") = 1;
ce") = 0.5;
cassaval") 0.5;
LUB("cassaval™) = 0.42;
. UP ("maize") = 0.25;
) LUB ("oeans") = 0.21;
.UP{"banana") = 1;
L LUB("rice™) = 0.53;
L LO("citrus™) = 0.42;
d LUP{("citrus™) = 0.42;
133 tlak.uP{t) = 0.}
134
135
13¢ Solve demcl using lp maximizing yfarm ;
137
138 Sets crep / landuse, output, revenue, profit, profitpc, profitclear /
139 lrep / demand, family, temporary
140 unused /
141 cycrep JSeoyelprofitelsar,cycZprofitclear,cyc3profitelear,
142 cyclprofitpe, cyciprofitpe, cyc3profitpo,

143 cycllanduse, cycil use, cycilanduss /

145 Parameters croprep crop report summary
labrep labor report summary (davs)

cyclersn cycle report summary;

roprep
roprep

"output",c) =
roprep ("revenuse",c) = '
croprep >fit™, ¢)
1y fwages
1533 alias(c,cc
54 croprep("profitpe",d) = s
/ sum(cc, croprep("profit",cc));
alias (c,ccc)
croprep ("profitpc”,p)
"eccc)) )
alias(c,c

("output",c) *price(c);

("revenue",c)- xcrop.l(c) * sum(t,laborreg(t,c»

- #Herop.lid) * 21 * fwage) * 100w

Il
[u]
-
i
el
]
i
[a]
|(_1-
H
=
[ S
o+
o]
*
I
P}
E
=
el
(8l
[w]
(51
i
]
H
i
o]
|(_1-
H
[}
h
oS
o+
¥

cC) g

i

roprep ("profitclear”,d) croprep ("profitpe”,d) * (sum(cccc, croprep("profs

‘,cccc))) J 100 ;

159 croprep("profitclear”,p) = croprep ("profit",p) ;

1e0 cropreplcrep,"total") = sum(c, croprep(crep,c)):

16l

162 lakrep(t,"demand™) = sumic, x=crop.l(c)*laborrsgit,c));
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labrep "familv™) = flakb.lit):

labrep(t, "temporary") = tlakb.l(t);

lakrep(t, "unused") = =lakorbal.l(t);
labrep("total", lrep) = sum{t, lakbregpi{t,lrsp));

cyclerep("cyclprofitelear”, a) 7
cyclerep ("cyciZprofitclear”, b) ;
cyclerep ("cyc3profitclear”, f) ;

cyclerep ("cyclprofitpe™,a) = croprep("profitpc",a) :
cyclerep("cycZprofitpc”,b) = croprep("profitpc”,b) ;
cyclerep ("cyc3profitpe",f) = croprep("profitpc",f)

r

cyclerep(cycrep, "total") = sum(cc, cyclersplcycrep,cc));

Display "lzanduse thal

"output el "
"revenus I
"profit (5] "
"profitpc E] "

"profitclear [$] ", croprep, labrep, cyclsrep;
display tlzb.l ;
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g

Y David Zaa
1 -I
12 Z0fftext

15 Sets o< crops i

[ S+ ]

[ SIS ]

| S ]
S I O Y R O }

| S ]

[ ]
[Nl we)

(MR Wi ]

(5]

[

Table lzaborrsgl

tare)

rice maize
pha
35 jan 25. 16
3e f=b
37 mar
6
38 apr
39 may
10 10.
10 10.
. a.
6
4 dec 0 0.
47
48

o

Trc

i}

/ citrus,

cassaval

(58]

(58]

113 % (5.5 t/ha; US$ 180/1)

[s

= o O

ey

Scenario ¢ — Subcase

f=
aud,

br

and fallow land labor reguirements

Ley=§:

Jatrc

cassaval

1113

Pzru (DEMOC1, 820=91)

ssaval,cassavaZ, beans,

jatropha /

falland,

.
cassaval,

pha /

cassaval /

dec

(man-davs per

beans banana ciltrus falland Ta
10.
14, 1z.
20 . 15.
0 . 30.5
10 12. 30.5
30 0. 30.5
0. 30.5 10
10.5
10.5
(tons per hectars) /
maize = 2.0, cassaval = 13.0, cassaval =
banana = 9.6 , ecitrus = 7.3, jatropha =

142

Cro»

13.»

(=51

- B

L%

(3%

[PV )

(=51

i

- B

13w



o
—

52 price{c) crop prices (dollars per ton) /

53 rice = 130, maize = 111, caszaval = 46, cassaval

54 beans = 435, banana = G§&, citrus = 111, Jjatropha

55

56 miscost(c) misc cash costs (dollars per hectare) i
jatropha = 182 /:

59 % farm and lsbeour dsta

[=3]

£l Scalars land farm zize | / I

[ famlabh family lzbo /B3 /

= / 5 /

€ -

3
4
5
g

oo

-

renous varizables and sguations

(a3}
£
%)
3
H
o
|
i
I
=
o

-
L=
-
L=

0o

Variables xcropi(c) cropping activity
yEarm farm incoms
ave

71 ravenus value of production (dollars)
12 labcost labor cost (dollars)
13 flab(t) family lakor uss (davs)
74 tlab (t) temporary labor (davs)

7¢ Positiwve Variable xzcrop, flzk ,Zout, tlzb

I Equations landbkzalit) land balance
74 laborbal (t) labor balance

a0 flabor(t) family labor balance

a1 arev revenue accounting (dollars)
g alab labor cost accounting (dollars)
8 incoms incomse definition (dollars)

landprep(t) landpreparation demand ({hectares)

[ e)
o s Sy BT SR PR )

cyclel rice-plantain-plantain (hectares)
g malze-cassaval-cassaval ({hectares)
a beans-cassaval-cassaval (hectaress);

W o

landbal(t).. sum(c, xcropi(c)) =1= land i

A=,

laborbal(t).. sumlc, xcrop(c)*laborreg(t,c)) =1= flab{t) + tlab(t);

[38]

flabor

1
i
[
i
[
ol

I
[

Il
h
i
=]
i}
[

arev.. revenus === sum(c, xcrop(c)*yiseld(c)*pricsic)) H

(ST W Y S ]

OO O O O LD O O WO LD OO OO

7 alab labecost === sum(t, tlzb(t)*twacs) + sum(t, flzb(t) *fwags)
8
9 income. yiarm =e= revenus - labcost

100
101 landprep(t).. =xcrop("falland") =g= sum(d, =zcropi(d)) 7
102

103 cyclel. . ZExcrop(Trice") =e= wcrop("banana')
104
105 cycleZ., . Z¥xcrop("maize") =e= xcrop ("cassaval");

108
107 cycle3. . Z*xcrop ("heans") === xcrop|
108
1089

143
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[
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=
ad
L3

133
134
135
136
137

140
141

142
143

144
145
l4e
147
148

=
(SN =
[sm N 4]

e LS T BT PR S B

N
oo

[T T T o T o A T A T S O T T O B B B
=)

[ R N R e

demol £

w

rm

C({"maize") = 0.2
LLO ("heans')
on

. LO ("banana")

WLO("rice™) = 0.

LUB("citrus™)

.

;

Solve demol using lp maximizing yfarm ;
Sets crep / landuse, output, revenue, profit, profitpc, profitclear
lrep / demand, family, temporary
unused /
cycrep fcyclprofitclear,cyciprofitclear,cyclprofitelear,
lprofitpe, cyclprofitpe, cyc3profitpe,
cycllanduse, cycllanduse, cyc3landuse [/
Parameters oprep Ccrop report summary

labrep
cyclerep

LU .

Landuse", <) = =]
ocutput”,c = .
revenus", c) = ore
prc ore
e
c) i
profitpe”,d) = (crc
o, croprep("profit",cc
alias (c,ccc) s
croprep("profitpc",p) = cropre

"ecca) )
alias(c,ccce);
profitclsar”,

)y /100 ;

cycle report summary;:

(chs
(c)*yield(c):

' ("revenue",c) -

labor report summary (days)

‘output",c) *price(c);
®xcrop.l(c) *

v
pd) *

(swum{ccocoo,

sum(t, laborregi(t, c»

croprep ("profx»

profitclear”, o) = croprep("pro
croprep{crep, "total™) = sum(c, croprep(crep,c
labrep (t, "demand™) = sumic, =crop.lic)*lzborregit,c));
labrep(t,"family") = flab.lit);
labrep(t, "temporary"™) = tlab.l(t);
labrep(t, "unused") = —-laborbal.l(t);
labrep ("total", lrep) = sum(t, lzbrep(t,lrsp));

cyclarep ("cycl
cyclerep ("cyciprofitc
cyclerep ("cyc3profitc

cycC
cyc
cyc
cyclerep ("cycllandus
cyclerep ("cycZl dus
cyclerep ("cyc3l s

a
clezr", b
clezr"”, £

= -
2, al) =
" 4\ —
= :b.' -
" = —
=", L) -

sumicc,

= croprep ("profitclsar",a)
= croprep("profitclesar”,b)
= croprep("profitclesar”, f)

landuse™,a)

duse", )

cyclerep (cycrep,ccl);
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-

=1 O
(el wn]

[

B e e |

N

-1

L Y e N R O B

Display "lzanduse thal™"”
"output [t] "
"revanue =
"profit [s1 "
"profitpc S

'profitclear  [8] ", croprep, labrep, cyvclerep;
display tlzk.1 ;
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Code VII: Scenario ¢ — Subcase 2'"*

Peru (DEMOL, 3EQ=91)

A geee 1 oo
Z #55title Crop Data
-~ o - - 5 7 - - - - - Tm = =1 =
& rfor assessing or jatropha & — Subcase »
g8
9 David van der Za
0

Sets < crops / rice

, maize, ¥
banara, citrus a Jatropha

beans,
J

3
14
5

20
23

24

25

26

27 )} ccrops / beans, !

28

24 t perioc feb, mar, apr, may, Jjun,

audg, nov, dec /

Table laborregit,
tare)

and fallow land labor reguirements (man-days per hec»

[
e
B
]
i
=4
w
fe
ra
iy

beans banana ciltrus falland jatrow

C 10. 12
feb 0. 0. 14, 1z2.

[
(0]

.
i
o
(B8]
o
—
o
—
L)
1

w
[s2}

(¥} )
o
U
8}
-t
=]
n
[

1=

.0

[¥¥)
ie]
=
i
bt
[
I
)
s
[
.
(Le]

L.

o

=)

=}

w

o ¢
o w
nonoin

Ne)

1=y
[ ]

=
I
()
o
-
[38]
—
2
I

42 aug z21. 21. 1z2. 11
43 sep 10. 10. 10.5
44 oc 10. 10. 10.5 13.»

o
[

1]
4
i

i

o0
I
ot

1=y
o
5]
<5
I
(=)
1=y
1=y
=
[l
o
I
[s
¥

o g

[1=9
o
I
i
0
[s=)
Ll
=
Ll
o
[
s
¥

[=:)

4% Parameters yield

[
(4]
o
in
in
W
<
]

-
Il

o
fa
i
i,
fad
in
Il
=
-
W
fad
o
]
W
Il
fay
8]
e
ot
(81
o
in
Il

14 % (5.5 t/ha; USS 140/t)
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oL

rices (dollars per ton) 7

53 130, maize = 111, caszaval =
54 435, banana = ©5&, citru: =

{dollars per hectare) /

21l Scalars land farm size (hectarss) /! .4/
&2 famlab family labor available (davs per month) !/ /
83 twags 2bor wage  (dollars psr day) /5 f
&4 fwage wage F -

€5

g8

€7 Sstitle varizbles and sguaticons

&8

2% Variables

73 flab(t) family lakor use
74 tlab(t) temporary labor

76 Positive Variable xzcrop, flzb ,Zout, tlzb

7% Equations landkazalit) land balance

75 laborkbal (t) labor balance

20 flabor(t)

a1 arewv (dollars)
82 alab cost accounting (dollars)
83 incoms incoms definiticn (dollars)
g4 landprep(t) landpreparation demand (hectares)
85 rice-plantain-plantain ({hectares)
ge mailze-cassaval-cassaval {hectareg)
a7 kbeans-cassaval-cassaval (hectaress);
88

89 landbal(t) sum(c, Hcroplc)) =1= land ;

=10]

91 lakorbalit).. sum(c, =cropic)*laborreg(t,c)) =1= flzb(t) + tlabit);
92

93 flaborit) flabk(t) =1= famlab ;

<4

95 arev revenus sum (<, xcrop(c)*yiseld(c)*prics(c)) H
=L

97 alab labcos sum(t, tlab(t)*twags) + sumit, flzabk(t)*fwags) ;
98

99 income. . yviarm === revenus - labcost

:

100
101 landprep(t).. =xcrop("falland") =g= sumi(d, =cropi(d)) 7
102
103 ecyclel.. ZHxcrop ("rice") =a= mcrop("banana™)
104
105 cycleZ.. Z¥xcrop ("maize") === mcrop{“cassaval");
106
107 cycle3.. Z¥xcrop ("keans") === xcrop("cassaval')s

108
109

147

1
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12 Lo ("cassaval .57
113 Lo ("cassaval 25

14 Lo ("maize™)

15 Lo ("beans")

16 Lo ("banana") = 1;

). Lo("rice") = 0.5;

LUB ("citrus") = 0.42;

ab.UP{t) = 0.;

W o

[

Solve demol using lp maximizing yfarm ;

Sets crep / landuse, output, revenue, profit, profitpec, profitclear /
lrep / demand, family, temporary
unused /
cycrep JSeyclprofitclear,cyclprofitclear,cyc3pro

tclear,
relprofitpe, cyeclprofitpe, cycl3profitpe,

o B Ay BT S S T O T

1landuse, cycllanduse, cyc3landuss /[

e N I =y By

[T i T o I S R 0 T S T o B o I S I S I

W o

130 Parameters croprep crop report summary
131 labrep labor report summary (days)
132 cyclerep cycle report summary;

landuse”,c) = H

"output",c = *yield(c);

("output™, c) *price(c);

("revenue",c)- zcrop.lic) * sum(t,lzborrsg(t,c»

enue", c) =

"

{
1
(
136 croprep({"rew
{
\

profit", o)
e 7

=Ly
profitpe”,d) = (croprep("profit",d) - zcrop.l(d) * Z1 * fwage) * 100»
¢, croprep("profit",cc));
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nel
i

s

R
S

(T, "temporary = tlab.l(t);
(t, "unused") = -lakorbal.l(t);

[
[

Lo S L T S S O ST o M 8 1 I O I O O A B R I B ]
=]

Loy A B S T S I B

1

(Xa]
= E‘ |
oo oo
H H H H H

i
Lnre B o L e A ]

o o

1

("total",lrep) = sum(t, labrepit,lrep));
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Parameters croprep crop report summary
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¢

cyclerep cycle report summary;
"landuse",c}) = xcrop.lic);
"output", c) = xcrop.lic)*yield(c);
"revenue",c) = croprep("output",c) *price(c);
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Parameters croprep crop report Summary
labrep labor report summary(davs)
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croprep{"revenus",c) = ("output",c) *price(c);
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"yccc)) )y

aliasic,”

coo)

cecc) g
"profitclear”

1)

S 100 ;

croprep{"profitclear”,
croprepl{crep, "total")
abrep(t, "demand")
abrep(t,"family")

T, "tempora )

i

=

i
Lrn e T s s A ]

i

cyclerep("c
yoclerep ("c

Il

yolaerep (M

%l

cyclerep ("
cyclarep ("
cyclarep ("

cyclarep ("
cyclarep ("

cyclarep ("

"unused")

("total", lrep)

yc

y:3prof;:pc",f]

I

lprofitclear”,
_wZDrﬁfi:cleer"
itclear”

cy:ila:duse",

("profitpe”,d) *

) = croprep("profit”,p) ;
sum(c, croprep(crep,c));
sum(c, Hcrop.l(c)*laborreg(t,c)}):;

flab.1l(t);
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sum (cc, cyclerep(cycrep,cc));

;, croprep, labrep,

157

cyclerep;



Erkléarung

Hiermit versichere ich, dass ich die vorliegende Arbeit selbststindig verfasst und keine ande-
ren als die angegebenen Quellen und Hilfsmittel benutzt habe, dass alle Stellen der Arbeit, die
wortlich oder sinngemil3 aus anderen Quellen {ibernommen wurden, als solche kenntlich ge-
macht und dass die Arbeit in gleicher oder dhnlicher Form noch keiner Priifungsbehorde vor-

gelegt wurde.

Hannover, den 17. April 2008

158



	1 Introduction
	1.1 Problem
	1.2 Objective

	2 Theoretical Background
	2.1 The Concept of Sustainability
	2.2 Sustainable Biomass Production

	3 Biomass and Bioenergy
	3.1 Energetic Use of Biomass
	3.2 Benefits of Biomass and Bioenergy 
	3.3 Global Bioenergy Potential by 2050
	3.4 Status Quo of Biofuels Worldwide
	3.4.1 Global Biofuel Production
	3.4.2 Investment Flows
	3.4.3 Global Biofuel Policies
	3.4.4 Projections of Future Biofuel Production Worldwide 


	4 Key Challenges for a Sustainable Bioenergy Production
	4.1 Environmental Impacts
	4.1.1 Energy Balance
	4.1.2 Greenhouse Gas Emissions
	4.1.3 Impacts on Soil 
	4.1.4 Impacts on Water
	4.1.5 Impacts on Biodiversity

	4.2 Social Impacts of Biomass Production 
	4.2.1 Land Availability  
	4.2.2 Food Supply and Food Security37 
	4.2.3 Land-Use Conflicts
	4.2.4 Other Impacts

	4.3 Economic Impacts

	5 Assessing the Sustainable Jatropha Production in San Martin, Peru  
	5.1 Country information of Peru
	5.1.1 Geography and Climate
	5.1.2 Sociological Context
	5.1.3 Political Context
	5.1.4 Economic Context
	5.1.5 The Agricultural Sector 
	5.1.6 The Energy Sector 

	5.2 Biofuels in Peru
	5.2.1 Introduction
	5.2.2 Government Policies
	5.2.3 National Demand for Biofuels
	5.2.4 National Production of Biofuels
	5.2.5 Investments in Biofuels

	5.3 The Sustainable Cultivation of Jatropha 
	5.3.1 Jatropha - Characteristics and Potential
	5.3.2 Environmental Impact 
	5.3.3 Socio-Economic Impact
	5.3.4 Conclusions

	5.4 Jatropha Case Study – San Martin, Peru
	5.4.1 DED-Project

	5.4.1.1	Outlines of the Project
	5.4.1.2   DED Results - experience and expectation
	5.4.2 Economic Theory – Profit Maximization
	5.4.3 Model Specifications 
	5.4.4 Results106
	5.4.5 Conclusions


	6 Summary and Outlook
	7 Bibliography
	Appendix I
	Appendix II 
	 Code I: Scenario a – Base Case

