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Executive Summary

Jatrophacurcas L (hereafter referred to as Jatropha) as a feedstock for biodiesel has
received much attentiom recent yees due to its potential to contribute to the
reduction of greenhouse gas@sHG), its ability to grow on marginal lands and
enhance rural development. On the South American continemtrea cultivated with
Jatropha already amount to several tens of @nwds of hectares. In view of the
increasing demand of biofuels and f@ssiblenegative impactsn the environment

and society, this study analyzes which sustainability issues are considered by existing
Jatrophaprojects in Central and South America. kiddion, this study investigates

how the European energy policy influences Jatropha production in Central and South
America. The EU has set a 10% renewable energy target for the transportiedctor
the biggest share of renewable enengly come from biofuels. This amount will not

be met by domestic biofuel production alone and a large share will be imported from
outside the EU, also from developing countri€sus, it is possible that it will also
influence Jatrophaultivation Part 1 of the studputlines the environmental, social

and economic concerns related to biofuels with special attentiokattopha,it
presents in more detail the role of EU energy poliapd reviews emerging
sustainability criteria.Part 2 presents the analysis of interviewsdomted with
project developers of Jatropha projects in Central and South America

Part 1

The fast development of the global biofuel market has increased the concerns
regarding environmental, social and economic sustainability of biofAel®ng the
mostdebatedarethe emission balance, soil qualitecosystems and biodiversitand,
human and labour rights, as well as food security.

Due to its characteristics, Jatrophaaofien believed to not be a threat to these
concerns. Especially the negative imgabiofuels have on food security atiie
GHG balance are said to not exist for Jatropha biofuel production. A revigheof
above mentionedustainability issues showed that Jatropha biofuel has the ipbtent
to be produced in a sustainable way this vey much depends on the (agricultural)
cultivation conditions and has to be examined on abgs@se basis.

The results show that the GHG emission reduction performance is shaped mainly by
previous land use, the use of fertilizeasd how Jatropha oils processed. Jatropha
also has the potential to grow on degraded and marginal lands. However, the
economic viability under these circumstances has not yet been pespatially with
regard to large scale cultivatioithe impact on ecosystems and biodsity mainly
depends on the replaced land use, thus emthvious vegetation structuimdthe
cultivation method.

Jatropha has the potential to contribute to social sustainability or rural development,
e.g.improved income and food security, but gap have to be designed for these
purposes. For large scale Jatropha production where economic incentives play an
important role, the same threat occurs as for other biofuel feedstocks.

The discussionabout the negative global impacts of biofubtss urgd the EU to

introduce sustainability criteria in their renewable energy Directive (RED). It
encompasses detailed criteria for greenhouse gas savings, biodiversity and carbon



stocks. According to the criteri#jofuels must achieve a minimum level of GHG
emission reduction of 35% (from 2013 for installations already in operation 23.
January 2008). This threshold increases to 50% from January 2017 for all installations
(60 % for installations starting operatiom 2018) Annex V of the RED provides
default \alues for the calculation of G@missions for several feedstocks.

No social standards are among the mandatory crifEne.Commission shall report

every two years on social sustainability in the Community or in third countries. These

i ncl ude ttoflCemmunityntpoéuel policy on the availability of foodstuffs at
affordable prices, in particular for peopl
ri ghtso and whether the country of origin
implemented amumber of Conventions of the International Labour Organization.

After transposition of th&ED by the Member States in December 2010, thelide

three ways how biofuels that are imported into the dad count towards the 10%

renewable energy target itransport: 1. Member States certify consignments
according to the sustainability criteria i
by the Commission certify the consignment, or 3. mbitateral agreements ensure

that the criteria of the directive met.

Jatropha biofuel certification isnore complicatedthan the standard procedure
described above. This iBecause no default values ftite calculation of GHG
emissionsof Jatropha are given in the RED. This makes certification by Member
States cuently impossible. Until a default value féatropha is includedertification

is only possibleunder voluntary schemes multi-/bilateral agreementAmong the
voluntary schemes the most probatuébe able to capture Jatropha is the Roundtable
on Susainable BiofuelfRSB). However, voluntary schemes have to be accredited by
the Commission, which has not been finalized until nowaddition, the set of
sustainability criteria of the RSB is stricter and achieving this standard might
constitutehigher osts to Jatropha producers

Part 2

A survey amongJatropha project developers in Central and South America was
undertaken in order tg@ain an insight into sustainability issues that are already
considered. The results of this study show that there amg pwssibilities to consider

and to improve the sustainability of Jatropha projects in its environmental, social and
economic dimensiont was expected that projegbursue different main objectives
based on their production approacle. rural developmet projects pursue mainly
social objectives vs. plantation projects for which economic objectives are more
important. Based on the ownershsgructure pure outgrower projectga form of
contract farming with smallholder participatjoipure plantation pregts and projest
which combine the plantation and outgrower appraaete differentiated

Many sustainability issues are already considered by Jatropha projects. Certainly, not
all projects consider all sustainability issues but among the productionisrtbdée

were investigated, there is at least one project that covers almost all issues and serves
as a good example of how to integrate many sustainability issues into one project.



The main findings with regard to sustainability can be summarized as:

1 Project developers perceive sustainability criteria as very important but do not
have much knowledge about concrete sets of criteria (like RED or RSB) and
their application. Furthermore, sustainability criteria should not be too
restrictive because this wiobumean a disincentive for the development of the
biofuel sector.

1 The share of degraded or marginal land use of the individual projects ranges
from 10% to 100% of the cultivated area which, according to literature,
implies lower emissions (subject to amoand type of fertilizer usk.

1 Especially plantation projects have a strong interest in obtaining carbon credits
for additional revenue. Due to the dispersed location of outgrower farmers, it
seems very difficult to obtain carbon credits for outgrowerjqats; hence
there is less motivation for applyirfigr credits by outgrower projects

1 Many projects do not irrigate thesultivated areand of those who do, most
apply meastes to prevent overuse of waterveaiter depletiond.g.harvesting
rainwater, using evapotranspiration for estimating the need for irrigation,
estimate amount and availability of groundwater).

1 All projects make use of plant (am¢here appropriatprocessing) residues in
order to improve soil qualitgr as an additional income source

1 Many projects undertake research in intercroppitigr cropswith Jatropha in
order to create additional income and contribute to food security.

1 Outgrower projects involve stakeholders in the decisnaking of the
projects. They also provide measuttest go beyond sustainability criteria and
contribute to the development of the regierg.promoting local consumption
and awarenessising programmes for gender equity.

Discussion and onclusion

No current direct impact of EU energy policy can bewtifrom the results as none

of the participating project in this study has projected export to the EU in the near
future. Strategic decisiongerenot driven by EUdecisions on increasing the biofuel
share in transport enerdput rather by seeing whatgeod forthe development of the
project in its regional contextlowever, some projects consider exporting Jatropha oil
or biodiesel to Europe in the long run. These projeetemostly plantations, willing

to take additional criteria into account andaavin additional sustainability measures.

In return,theyexpect more sales opportunities from meeting sustainability criteria.

When export is consideredproject planning for including a certain set of
sustainability criteria is very difficulfOne ofthe main strategic decisions in Jatropha
project planning is to what extend environmental and social goals should be
consideredThe RED does not include social criteria. Therefore, it is probably more
profitable to comply with sustainability criteria dig RED instead of a voluntary
scheme like the RSB/hich involves a clear set of social criteria in addition to the
environmental criteriaHowever the RED does not include default values for the
calculation of GHG emissions b Jatropha biodiesel productioso far. Bssible
voluntary schemes under which Jatropha biodiesel could be cemifteder tocount
towards the EUs 10% target of renewable energy in transport have not firsained
definitions of key terms, nor are they accredited by the Commidsidr@ meeting the
criteria of the RED yet.



Another crucial factor is the decision on whether to cultiJateopha on arable or
degraded and contaminated land. Jatropha projects might benefit from bonus under
the RED for cultivation on degraded or tmminated land when the land meets the
definition of degraded or contaminated land that is expected to be published soon.
However, Jatropha oil yields are highly variable and cultivation on degraded soils
might imply more variation and difficulties whiclawe to be taken into account.

The analysis of the RED indicates that current Ekkrgy policy favours the
expansion of largscale plantation projects compared to sraadle or outgrower
projects because economies of scale will make certain transatitercertification

for meeting sustainability criteria much simpler. Due to commercial pressure to
maximise vyield largescale biofuel production bears some more risks to rural
population and the environment than sksathle or outgrower biofuel projects.g.

land use conflicts or water pollution.

In addition, this research has shown that outgrower projects have more measures in
their project design that enable seeimonomic development of smaltale farmers
compared to plantations. If rural developrhé one of the goals that the EU policy

(as stated by committing to the MDGs) wants to foster in developing countries, then
there is the need to consider schemes which show social and environmental co
benefits like successful smatale and outgrower gjects and which are popular for
Jatropha cultivation.

However, the decl ared goal of the EU &éren
impact of energy consumption on climate charigereover, many social factors of

biofuel production, like abiding witthuman and labour rights are out of reach for

European executive authoritiestill, even if social sustainability is not includible in

RED f or Opractical 86 reasons, then Europea
promotion of smaikcale and outgroweprojects by providing a policy framework

that facilitates the certification under voluntary schemes and thus, to be able to count

towards the 10% biofuel.

Many aspects of the sustainability criteria sets from the RED and RSB are expected to
be defined andlarified within the next month. Concurrently, Jatropha production will
develop and more projects will reach full production stages. This development will
offer new research opportunities and a good starting poim dotesting theconcrete
sustainabity criteria on the different types of projects and investigating the strategies
on how projects might deal with the different requirements and difficulties arising
from complying with sustainability criteria.

VI
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PART 1
1 INTRODUCTION

Interest in growingJatropha curcasL., hereafter referred to as Jatropha, as a
feedstock for biodiesel production has intensified with the biofuel boom of recent
times. Jatrophais regarded as having the poiehto be carbon neutral as well as
having several other environmental benefAscase in pointi Air New Zealand
recently undertook a successful test flight using a Jatrbphad biodiesel, with a

view to becoming the worlyairbne (TedNew Yorknv i r onmn

Times, 2008).

Moreover,Jatropha is seen by some to have the potential to contribute to sustainable

devel opment . Van Eijck and Romijn (2008:

seen to have the potential to help combat the Ymese effect, help stop local soil
erosion, create additional income for the rural poor, and provide a major source of

A

energy both Il ocally and internationall yo.

nutrient requirements, Jatropha has great potential tadvengn semiarid and arid
regionswith low rainfall (Franciset al, 2005, Jongschaaat al, 2007). Significantly,

this means Jatropha could be grown on marginal or degraded soil and for this reason
Jatropha is often thought of as not competing for iaitld food crops.

In additont o t he potenti al af forded by the
prospects of new sales markets opened by energy policies like those of the European
Union (EU), the United States (US) and other countries, including aj@agl and
emerging markets have intensified efforts in Jatropha cultivation. Since renewable
energy and biofuels for transport became
interest in exporting biofuels to the EU has increased. The recent Edtiidér on
renewable energy (REBDjequires 10% of the energy used in the transport sector to

be produced from renewable sources; ihlikely to be met principally by biofuels. It

is expected that a considerable proportion of the demand for biofuelsewntiet by

imports, encouraging the production of biofuels in developing countries.

Given the political agenda and the potential benefits of Jatropha as a biofuel crop,
numerous Jatropha projects have sprung up in Asia, Africa and Latin America. In
addition to larger plantation cultivation Jatropha is a very popular choice for
development projects involving smaitale commercial and subsistence farmers.
Current estimates of the area planted with Jatropha on the South American continent
amount to 20,000 letares (Renner, 2008). However, the environmental and social
impacts,as well asthe economic feasibility of Jatropha biofuel production have all
been questioned. Depending on the cropping system, certain frequently criticised
impacts of biofuels are trutor Jatropha,e.g. monoculture systems that threaten
biodiversity, or largescale plantationsn arable landhat displace food crops, thus

1 For instance, the US, Brazil, Indonesia and India have mandatory blending targets and different types of subsidies
to develop the biofuel market (Rajagopal and Zilberman, 2007; Chiavari, 2009). However, this study does only look
into detail at the energy policy framework of the EU and its implications for biofuel markets in Central and South
America.

a |

2 The fullnameoft he directive is 6Directive 2009/ 28/ EC of the European

2009 on the promotion of the use of energy from renewable sources and amending and subsequently repealing

Directives 2001/ 77/ EC and 2000/ 30d ECunder ahttpd//eur- c an be

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0016:0062:EN:PDF.



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:EN:PDF

leading to higher regional food prices. Moreover, it has not yet been proven that the
environmental benefits of Jafsha €.g. prevention of soil erosion through use as a

cover crop) can be achieved simultaneously with economically viable Jatropha oil
production ,i.e. without any financial support from governments or donors (Kehli

al., 2009).

Since the Brundtlanderpor t (1987) , It has been
must be considered in three, interconnected dimensions: environmental, social and
economic. Given this, plus mufiaceted concerns of increased cultivation of biomass

for biofuels, many voice have called for standards or criteria to ensure that biofuels
are not used tgursue a goal in one dimension at the expense of andltpr,
achieving economic profitability at the expense of social conditions of labourers, or

W i

achieving emissions reduetis at the expense of biodiversity. Therefore, it is

worthwhile undertaking a review of existing Jatropha projects to explore their impacts

(0]

The main objective of this study is to analyse whether and how suslignabues
aretaken into account iaxisting Jatropha projects in Central and South Amelti¢s.
furtherexplored how Jatropha projects are affected by current EU energy policy. The
study also looks into the difficultiedatropha projectdace in reading their

n the three dimensions of sustainability.

sustainability and economic targets.

Jatropha curcas L.

Jatropha curcas L. (also known as physic nut or purging nut) is a small tree or large shrub belonging
to the Euphorbiaceae family. It has a soft wood, can grow up to 5i 7m tall, and has a life expectancy
of up to 50 years. An efficient productive life span might be lower. Despite its South and Central
American origin, Jatropha is now distributed throughout the tropics and has developed distinct seed
provenances. Jatropha normally flowers once a year, but in permanently humid regions or under
irrigated conditions Jatropha can flower throughout during the year, making multiple harvests
possible. Jatropha is adaptable to a wide range of conditions, and is suited to semi-arid conditions,
although more humid environmental conditions have been shown to result in better crop
performance. Jatropha produces oil-bearing fruits which reach maturity 90 days after flowering. The
fruits do not mature all at the same time. Thus, they are usually harvested manually at several
intervals, which is very labour intensive. The fruit contains seeds which have high oil content and
contain toxins, to the fruit is not edible without detoxification (Achten et al., 2008). Yield
performances vary greatly and are reported to be between below 1t and 4.1t seeds per hectare and
year for young plants and projected to range between 1.5t and 7.8t per hectare and year for mature
plants in different growth conditions and management practices (Jongschaap et al., 2007). The
amount of extracted oil then depends on the oil content of the seed and the extraction efficiency.
After the oil has been extracted from the seeds it can be used as base for liquid engine fuel, by
various methods (straight vegetable oil, o0il blends, pyrolysis, micro-emulsification,
transesterification). Jatropha oil is mainly transesterified to (m)ethyl esters (biodiesel) and glycerol.
Additionally, the extraction residues (press cake) can be used as a fertilizer and the organic waste
products can be converted to produce biogas (CH4) (Achten et al., 2008).

The study is structured as follows:
Part 1 includehapter 2 which presents irmore detail the role of EU energy

T

policy as one of the main driverd biofuel development,Chapter 3 which
outlinesthe enwonmental, social and economic concerns related to biofudts
special attention tdatropha; an€hapter 4which reviewsemergingsustainability

criteriaof different initiatives.

Part 2 Chapter % presents the analysis of interviews conducted withjept

developers of Jatropha projects in Central and South America.
Part 3 Chapter Gand 7)summarises findings and presents the conclgsion

del

y



2 EU POLICY DRIVERS FOR THE DEVELOPMENT OF THE BIOFUEL
MARKET

EU legislationhas beem main driveiof the biofuelmarket within its own boundaries
and abroadThe most recent significardontributionwasthe introduction of dinding
targetfor 10% oftransport fuels to be produced fraenewable sourcdsy 2020and

it is assumedhat thiscannot be met by domestxoductionalone(Eickhoutet al,
2008) Given the size of the potential EU markeisi expected that EU energy policy
will thereforeinfluenceJatrophgroduction

Biofuel policies are dven by the urgent need to reduce f#nissions to mitigate
climate change, bemeless dependent on fossilel energy and with the prospect of
boosting the agricultural sectoifhe 2003 EU Directiveon biofuel§ included
indicative targets foMember States toeplace 2%of conventional petrol and diesel
with biofuel by 2005 rising t05.75% by 2010 (EEP, 2003). Howeverthe EU
average of all Member States was 1% anty Germany and Sweden achievee th

2% target.In order to support the promotioof biofuels more effectivelythe
European Commission presented sepelicy axes in its Strategy for Biofuels (EC,
2006). Despite the incentives for biofuel development, some countries like Denmark,
Finland, the UK and the Netherlands retained their critical positions towards the cost
effectiveness of biofuels for climatehange mitigation (Londo and Deurwaarder,
2007). Furthermoranountingscientific evidencénaschallenged the enviremental,

social and economibenefitsof the production and use of biofuelsotwithstanding

in January 2008 the European Commission pheta proposal for a Directive othe
promotion of the use of energy from renewable sources (EC, 2008)ne2009 the
Directive on renewable enerdRED) entered into forcewhich sets a 20% target for

the share of renewable energy, and 10% targetdosport fuels in the Community in
2020 (EC/EP, 2009)As the energy potgial and energy mix varies among Member
States,the 20%target is dividednto individual targets for each Member Stéig
sharing the required total increase on the basis of an egquease in each Member
Stateds share wei ght edinthagsport brnergyrshalGligimhet The 1
by each Member Sta{&C/EP, 2009)In order to meet these targets it is expected that
a significant amount will be importeistimations of thenagnitude are dependent on
many factors, like technological progress for second generation biofuels. Therefore,
projections differ depending on the assumptions madee EU Commission
estimated mport sharesof 20% based on theptimistic assumptionthat second
generation biofuelsvill be available tocover about 30% of the required inputs in
2020 (EC, 2007)Banseet al. (2008) estimated import sharés 2020that exceed
50%when considering only first generation biofuels.

As a result othe intense dicussions about the actual sustainability of biofbekh
among scholars andvil society, sustainability criteria for biofuels and bioliquids
were included inhe RED. In order to countowards these 10%boifuelshave to meet
the sustainability critea. Theseriteria are dealt with in detail in chapter

3 Directive 2003/30/EC of 8 May 2003 on the promotion of the use of biofuels or other renewable fuels for transport,
http://ec.europa.eu/energy/res/legislation/doc/biofuels/en_final.pdf
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3 SUSTAINABILITY CONCE RNS

Jatropha ioften considered tbe a good potential source for fuels withw carbon
intensity. In addition, it is often seen as offering added benefits in terfostefing
rural developmengthrough income and job generatjpimproving soil quality and
the restoration oflegraded landHowever, the existingiterature, though limited
suggestghat it may be difficult topursuetheseseveral objectives at the same time
(eg. Kohli et al, 2009 Bringezuet al, 2009).Below, the possibilities but alsthe
risks that Jatrophaepresentsare set out The chapter dllows the sustainability
definition of the Brundtland repoend divides the concerns related to biofuels into
the environmental, social and econondgnensions of sustainabilityfeach topic is
explained in general and then in detail for the case of Jatropha

GHG emissions and land use change

GHG emssions cause climate change asubstituting fossil fuels by biofuglis
assumed toesult in anadvantageous GHG balanddéowever,the use of fertilizer in
bioenergy production can lead to,M emissions which might offset G&avings
(Crutzenet al, 2008) because the global warming potent@¥\MP) of N,O is 296
times hidner than that of CO(Pratheret al, 2001). Furthermore, fossil energy is
combusted during the production of fertilizers as well as the biofuel iteaif (
running machinery, transport etc.). The uncertainty of GHG emissions of biofuel
production is futher enhancethrough the issue of direct and indirect land use change
(ILUC).4 Land use change can lead to an increase of GHG ensdsjotonverting
nontagricultural land tocultivated land.e.g. biofuel crop cultivation, releasing GO
from carborstoredin soil and vegetation biomass (Gnansouebal., 2009).

GHG emissions and land use changéhe case oflatropha

In order to estimate emissions from producing and combusting Jatropha biadesel
compare it to the emissions of fossil fuats LCA (life cycle analysisr assessment
approachis used The tool is also used assessotber environmental impacté&n
d.CA is the internationally reognised methodology for evaluating the global
environmental performancef a product, process or pathway aloig partial or
whole life cycleé 6 ( Gn a resah, 2009 4920. Four LCAs concentrating on
GHG emissions will be reviewed here. The results showthieat is a huge potential
that replacing fossil fuel by Jatropha biodiesel can save GHG emissiortkidut
dependsnuchon the cultivation method, especially the application of fertilizéve T
GHG emission reduction performance is shaped mainly by previous land use, the use
of fertilizers, and how Jatropha oil jgocessednto biofuel The results suggesiat
Jatropha biodiesel has a better GHG performance than fossiHoelkever, when
land use changFom highly vegetated areas to Jatropha cultivation distaboye
ground and belovground biomass as well as carbon stock in the &ilG emissions
canbe much higherThe four LCA areoutlinedbelow.

In an LCA of Jatrophdiodiesel(methyl esteér) produced in Thailand Prueksakorn
and Gheewala (2006) found that main GHG contributors tlaeeprocessingof

4 Direct land use change refers to the diversion of non-agricultural land to biofuels crops or agroforestry for biofuels
production; whereas indirect land use change refers to the replacement of current food or feed crops by biofuels
crops, causing farmers to clear non-agricultural land for cultivation of the displaced crops or the conversion of
peatland to palm oil plantations (see e.g. Searchinger et al., 2008; Fargione et al., 2008).

5 This study analyses Jatropha methyl ester which is biodiesel from Jatropha oil processed with alcohol, mostly
methanol (Rettenmaier et al., 2008).



vegetable oil to biodieselkransesterificatio)) irrigation and fertilization processes
contributing 40%, 23% and 22% respectivéypnsequentlythe main contributors to

its GWP are fertilizer production and use, diesel consumption for irrigation and
transesterification with 31%, 26% and 24% respectivEhe high contributiorirom
fertilization comesfrom N compounds from fertilizer production and use which
converts N to BNO. However, based on this LCA Jatropha methyl ester has only 23%
of the GWP of fossil diesel.

An LCA of Indian Jatrophéabiodiesel also takes into account different ways of
processingi.e. processedtfansesteritd) to methyl ester angrocessedy catalytic
hydrotreating (Rettenmaieret al, 2008) Different scenarios for yield, land use,
production systems and utilisation of-psoducts were scrutinized. Fthe analys

only cultivation on degraded land was considered. From an environmental point of
view the results suggest that Jatropha should be processed andhesedhey are
produced if this case inindia) and it should nbbe transported to Europe, saving
transport expenditureand emissios. Replacing conventional diesel by Jatropha
biodiesel (hydrotreated and methyl ester) can help saveremawable energy
resources and redudetal GHG emissions. However, these berseéih the GHG
balancego along with negative impacts for acidification, eutrophication and ozone
depletion through nitrous oxide. Most important stages in the life cycle of -hydro
treated Jatropha diesel are land use change, hgwadolcts are used, the dgs of

the production plant and, to a lesser extent, the cultivatiethod(Rettenmaiegt al,

2008), for Jatropha methyl ester these stages are land use change, the
transesterification and the use offmpducts (Reinhardit al, 2007).

Ndonget al.(2009) undertook an LCA with West African conditions that shows 72%
savings in GHG emissions compared with conventional diesel fuel. In this LCA
Jatropha cultivation accounted for 52% of all emissions, while transesterification and
final combustion accouad for 17% and 16% respectively and transport for 8%.
During cultivation the largest share of emissions is due to the use of fertilizers (92%)
and pesticides (2.4%) considering that under West African conditions Jatropha
production is not motorized. Intenatinental transport to Europe unsurprisingly
results to be unfavourable on the overall GHG emissions, but also the decision
whether to transport shorter distances by truck or freight trains is crucial, with freight
trains showing less GHG emissions. Wiiatropha oil is used as pure vegetable oil,
e.g. for motordriven pumps or rural electrification, GHG emissions can again be
reduced by 45% compared to the reference scenario (72% emission savings).

Jatropha has received much attention d@dsepotential to grow on marginalor
degradedand’” However, while this is possiblé,cannot be ignored that higher yield
can be expected under more favourable conditions or with higher inputs. Land use

6 Hydrotreatment is an alternative processing technique to the transesterification of Jatropha oil to Jatropha methyl
ester. The main constituents of Jatropha vegetable oil, i.e. oxygen containing groups in the triglycerides are
reacted with hydrogen and removed as water and carbon dioxide. The triglycerides are converted into three
different branched chain paraffins (Rettenmaier et al., 2008).

7 Many different terms are used to describe land/soil of little agricultural quality. Wiegmann et al. (2008), call for a
clear distiction between degraded land, marginal land, waste land and other related terms like idle and unused
land. Marginal land is land where cost-effective agricultural production is not possible and it is therefore an
economic term. Marginal land is not necessarily unproductive since, although not suitable for large-scale
commercial crop production, it can be used for subsistence farming and gathering other resources. Land
degradation refers to the long-term loss of productivity or ecosystem function and services caused by human or
natural disturbances. In contrast, wasteland describes land that is not suitable for any cultivation due to exclusively
natural conditions, e.g. land without appreciable vegetative cover or agricultural potential (Wiegmann et al., 2008).



change is possible at any location where the price effects hakesl production
profitable. This alsoapplies to Jatrophd&heremoval of (sem) natural forest for the
introduction of Jatropha is expected to have a significant negative effect on the GHG
balance of the whole life cycle since tG&IG balance is tight linked to the type of

land use which is removed and the intensity of the cultivadaintenet al, 2007,
2008). h case of reclamatioof wasteland and degraded laddtropha cultivation for
biofuels, including the use of the seed dale soil amenaent, can increase the
carbonsequestration in the soil (Achtehal, 2007).

In their Jatropha LCAs Rettenmaier al. (2008) and Reinhardtt al. (2007) found

that GHG balance of Jatropha largely depend on carbon stock of thegibave

and belowground biomass as well as carbon stock in the soil. Jatropha cultivated in
areas with no or scarce vegetation achievesdvantageouSHG balance with 0-8

1.7 t CQ equivalent for hydrotreated Jatropha oil (Rettenmeiied., 2008) and 0.1-3

1.05 t CQ equvalent for Jatropha methyl ester (Reinhaettl, 2007)compared to

the use of fossil fuelln areas with medium vegetation transformed to Jatropha
cultivation the balance becomesmfavourablewith 2.9 t of CQ equivalent for
hydrotreated Jatropha oil @Renmaieret al, 2008) and 3.53 t CQequivalent for
Jatropha methyl ester (Reinhaedtal, 2007)that are emitted

Soil conservation, degradation

On degradedlands, planting biofuel crops could help to restore soil fertility and
structure if managed appropriately However, intensely cultivated and irrigated
biofuels can also exacerbate problems of degradation if not managed properly.
Diverse mixtures of native perennial species as cellulosic feedstocks are most likely to
have a beneficial effect: moaultures of annual crops are more likely to increase
erosion and reduce soil carb@halan 2009.

Soil conservation, degradation: the case afatropha

In the case of Jatropha many doéneficial characteristics are knowvhich can
prevent further sbdegradationSome findings also suggest that Jatropha can be used
for phytoremediation purposeldowever, growth of the plant and thus, oil yield can

be affectednegatively if no appropriate management is appligdder senyarid
conditions, Jatropha bathe potential for reclaiming degraded soils g@netrating

soils with its root systenrecycing nutrients from deegr soil layers, and providg
shadow for the soil, thereby reducing risks of erosion and desertification
(Joongschaapt al, 2007).Another study goes further aridund that Jatropheould

be used for phytoremediation of lead (Pb) and cadmium (Cd) polluted soils
(Mangoedihardjo and Surahmaid®08p. Another experiment conducted by Kumar

et al. (2008) tested the growth of Jatrophéh different concentrations of heavy
metals érsenic (A}, chromium (Cr) and zinc (Z) amende® with the industrial
wastes biosludge, dairy sludge as well as
suggest that cultivation of Jatropha can restore heavy cmitminated soils when
amendments with industrial wastes and biofertilizer are undertaken simultaneously.

8 Seed cake or press cake is a by-product of Jatropha oil extraction from the oil-containing seeds. It is rich in nitrogen
and can be used as a fertilizer or for biogas production (see also Kumar and Sharma, 2009; van Eijck and Romijn,
2008; Staubmann et al., 1997).

9 The paper does not explore whether heavy metals accumulate in the oil of the seeds and thus would be emitted
when the oil is combusted.

10 Amending soil refers to improving its physical properties by adding substances or matter.



These results are supported by findings from Juwagkal. (2008) which showed
that biosludge alone and in combination with biofertilizer signifilsaimproved the
survival rates and enhanced the growdh Jatropha Consequently, a good
management with amendments is required to prevent smaller growth rates.

Jatrophds to some extergalt toleranandhasthereforethe potetial to be grown on
saline land. However, the cultivation on this type on land can lower the productivity.
For instanceDagaret al.(2006) evaluated Jatroplgaowth ratesat different irrigation
treatmentswith varying levels of salinity. Jatropha showed different biomass
(including seeds) growth rates depending on the level of irrigation with saline water.
Kumaret al. (2008) report that NaCl inhibits the growth of the callus and this process
is proportional to NaCl levels. This shows that Jatropha can be irrigated with saline
water or grow on saline land but potentially leading to lower yields and oil content.
Both studies show that thdilemma of growing Jatropha on saline soils lies in the
potential of using antnprovingdegraded land, and the positive response of Jatropha
to (nonsaline water) irrigation. Thiatter could, although grown aline lands, add

to the competition for water in water scarce areas.

Ecosystems and biodiversity

Biofuel-driven agricultural expansion causing the conversion of formerly undisturbed
land (through direct or indirect land use change) can affect biodiversity. Ecosystems
are very complex and it is difficult to foresee the impact of biofuel crops on the many
different species in an ecosystem (Koh and Ghazoul, 2008). It is argued that any
effect of biofuel production on biodiversity depends crucially on whether biofuels are
produced on biodiversity rich locations like the Brazilian or Southeast Asian
rainforest (Nelson and Robertson, 2008). However, also outside biodiversity hotspots
biofuel altivation, especially as larggcale monoculture, can affect biodiversiyg.

arid areas tend to have fewer species than wet zones bualg®lhiave a unique
vulnerable biodiversity (Phalan, 2008jowever, a careful selection of biofuel crops
(e.g.woody instead of arable cropg)r the developmerdf an appropriate mosaic of
crops,can alleviate the impact and create a positive effect when lookiagertain

group ofspecies (Eggemt al, 2009).Finally, land use change together with the local
land management, is decisive for the biodiversity outcome, leading either to
biodiversity loss or biodiversity conservation and restorgfarank,2008)

Ecosystems, biodiversity: the case dfatropha

Concerns regarding biodiversity and Jatropha aredaifs Jatrophas cultivated as
intensive monoculture. Its impact will largely depend onitherplayof the land use
which is replaced anthe Jatrophacultivation method Achtenet al, 2008). Impact

on biodiversity could be negative when (s€@maturd systems such as dryland
forests are clearedr relatively undisturbed natural ecosystem are converted to
Jatropha plantationsA¢hten et al, 2007) whereas Jatropha cultivation on barren
wastelands could help restoring the local biodivergighten et al., 2008). It is
assumed that amocultures will create a microclimate, but the creation of habitat
diversity is questioned because intense management of monocultures with application
of fertilizers, irrigation, biocides and soil work will have negativepatts on
biodiversity (Achtenet al, 2007, 2008). But limited application of fertilizers on
Jatropha cultivations, particularly in the case of wastelands, willdoessary for
working sustainablyto achieve higher yields and to prevent soil exhaugfahten

et al, 2007).The droughttolerant character of Jatropha makes it possible to reclaim



wastelands which are only covered with scarce vegetatgsulting in an
improvement in vegetation structure and biodiverdiyt the impact on the
biodiversity s sitespecific(Achtenet al, 2007).

Only little research otthe impact oflatropha on biodiversity has been undertaken so
far. On research sites in Indi&ahooet al. (2009) found that nutrient, bulk density
and moisture status of soil under Jatroplentswas better than that of control soil
and that theravas no adverse effect on biodiversity. For both control and Jatropha
sites the diversity of the natural vegetation was found to be similar. Morebegr,
found thatJatropha rather supports theogth of other natural vegetatipof other
economically important cropsand that itscultivation allowed healthy growth of
natural vegetation around (ite. intercropping with herbaceous medicinal and other
plantg. Furthermore, the same study found thahd plantation of Jatropha did not
affect wheatyields Although Achteret al. (2008) note that some reports see Jatropha
as an invasive species and that no studies have been performed to quantify the
allelopathié! effects of Jatropha on native vegetati®ahocet al. (2009) conclude
that the chance of any allelopathic effect of Jatropha on natural vegetation is remote

The use of seed cake is believed to be very positive for soil organic matter and soil
structure However, it contains toxins (phorboksters, trypsin inhibitors, lectins,
phytates), which give it biopesticidal/insecticidal and molluscicidal properties. Thus,
the seed cake couldilso have an impact on microbial communities and
biogeochemical cycles (Achtet al, 2007).

Water

Agricultural productionrequireslarge amounts of fresh water for irrigation. Biofuel
production might add to the competition for water among crops and can affect water
availability and quality. Water quality is most likely affected by changes in intensity
of crop production,i.e. increased application of pesticides and fertilizer (causing
water pollution), while water quantity measures are more likely to be affected by land
use change (Nelson and Robertson, 2008; Phalan, 2009). Overuse of water due to bio
fuel prodiction can affect watersheds and thus the water availability for other crops.

Water: the case oflatropha

Apart from producing oil suitable as biodiesel the mésguently mentioned
advantage of Jatropha is its ability to grow in arid and semiaridrregiAlthough
Jatropha requires less water than other biofuel gopls asastor, oil palm, rapeseed

or sunflower (Phalan, 2009) a trad# between yields and water input is expected.
Irrigation in semiarid or arid regions can therefore enhance wadecityc In their

study site in EgypAbou Kheira and Atta (2008) found that the lowest values of total
lipid (oil) (25% and 24.5% of Jatropha seeds) were recorded with Jatropha trees that
were irrigated by 125% and 50% of evapotranspiration (ETp), reselctiTheir
results show that evapotranspiration can be a used as an indicator for efficient
irrigation. However, it also shows that lack of irrigation can lead to less oil content
having an impact on the economic profitability. Masal. (2009) investigted the
relationships and growths strategies of Jatropha under different levels on drought
stress. They found that conservative transpiration rate, high growth rate,
transpiration efficiency and water productivity are promising characteristicthdor

11 Allelopathic effects influence the growth and development of other organisms.



rapid establishment of Jatropha on degraded or unvegetated Taml shows the
potential for Jatrophgroduction on suitable sgewhile not consuming too much
water. However, they call for more research on water requirements in field conditions
and the pssible hydrological impact of plantations on watersheds, since these issues
were not considered in the study

Concerning the impact of Jatropha cultivatidwchten et al. (2007) see an osite
improvement of water balance through the strong increasevdpo@anspiration,
causing a reduction of surface runoff and a higher infiltration capacity. Morebiger, t
might cause a morealancedlow to off-site rivers and streamg¢. increasing base

flow, less peak flows and no flash floodsyimilar to the efécts shown for
Eucalyptus Achtenet al. (2007) explain that when evapotranspiration of Jatropha
exceeds the evapotranspiration of the natural vegetation, this could lead to decreasing
water availability downstream.

Air

Apart from GHG emission, there aocther impacts of bioenergy production on air
guality. Vehicles are important contributors to poor urban air quality and biofuels may
be environmentally beneficial compared to fossil fuels (Kojima and Johnson, 2006;
Vyaset al, 2009).Gaffney and MarleyZ009) found that, in general, biodiesel has up

to 60% lower CO emissions, higher N@missions up to 80%, and an increase in
benzene and aldehydes but the results heavily depend on the fuel (blend) and vehicle
used for investigationKojima and Johnson (2®) state that the use of a biodiesel
diesel mixture reduced particulatéydrocarbon, CO emissions, and also lowered air
toxic emissions but increased the emissions of. NO

Additionally, burning practices used to increase agricultural land for biofog c
cultivationandan increased use afjrochemicals, agriculturadachinery andunning
biofuel processing units can leaditereasedir pollution (Phalan, 2009).

Air : the case oflatropha

Jatropha biodiesel can affect air quality when it is comdusgtelacing fossil fuel and
combusted as a vegetable oil, it can affect air quality when it replaces other biomass
energy source®.g.firewood. Jatropha oil has a lower omalorific value than diesel
Increasing the proportion of Jatropha oil in blgmidereforedecreases the calorific
value of the blendnd leads to a lower thermal efficiency when the blend exceeds
20% of Jatropha biodieselhermal efficiency of blends up to 20% Jatropha oil
content is very close to dieséhgarwal and Agarwal, 2007)This is important
becauseCO,, CO, hydrocarbons, and smoke opacity are higher for Jatropha oll
compared to that of dieseThey werefound to be close to diesel for preheated
Jatropha oil. Emission parameters such as smoke opacity 30D and hydrocarben

were found to have increased with increasing proportion of Jatropha oil in the blends
compared to diesel (Agarwal and Agarwal, 2007). Looking at these results it has to be
kept in mind that they do not account for the wholedyele of Jatropha.

Ther are several attempts to introduce small stoves which are fired with pure
vegetable Jatropha oil. In addition to the reduction of GHG emissions, the burning of
this oil is less harmful for women and children who are exposed to smoke from
burning wood or ther biomass.



Land rights and access to land

Higher demand for biofuels can to some extent be met by technical improvements,
e.g. higher yieldsand more efficient processing. Howevéiistory indicates that
higher demand for agricultural produetdll also lead to more extensive agriculture,

i.e. an increased direct demand for land (Cagtlal, 2008).An increased demand

for land can have different impacts on land access: it may not effect land access/rights
at all €.g.a shift from one crop to a bl crop), it can involve changes in land
tenure (formal or socially legitimised access to land), or it can lead to more subtle
changes like the exclusion of landless people from gleaning (Ceituda, 2008).
Access to land can be at stake when landreemu poorly defined, customary or
informal and formal rights coexists and where agreements about the use of land are
made between companies and the governments without includingpleaple and

their needs.

Land rights, access to land: the case datropha

The above described problems are also faced by Jatropha projects. Marscédege
projects claim to grow Jatropha on marginal land and it is likely that land access
issues might arise. Land targeted for Jatropha cultivation might be defined as
margimal land but from the point of view of the inhabitants it could be a common
property used fokey subsistence functions, likieestock rearing, fuel wood, fodder

and other services.

Human and labour rights

In countries with poor enforcement of laws amdernational conventions or high

corruption, the agricultural sector can take advantage of weak institutions and
disregard/violate international human and labour rights. Resettlement through the
conversion of land access can lead to landlessness, joldgssaed the

marginalisation of people in the society (Phalan, 2009). According to a biudy
Friends of the Eartlet al. ( 2008) the expansion of | ndones
leaving many indigenous communities without land, water or adequate livelihoods
Communities, previously se#iufficient, are reported to have now difficulties to

afford education and food.

Human and labour rights: the case oflatropha

One of the characteristics of Jatropha cultivation is that planting, pruning and
harvestinghasnot so far been extensiveipechanized? Thereforealarge amount of
manpoweris neededand Jatropha is often related to extensive job creation for
unskilled agricultural labourers in rural aséBunner, 2009)Jongschaapt al, 2007.

In countries weredbour rights are not enforced efficiently, projects might try to
circumvent labour costs by not respecting international labour conventions leading to
severe working conditions and exploitation of the workforce. Little is also known
about the impact of Jaipha toxins on agricultural labourersloreover, unsafe
application of pesticides and fertilizers,
no proper protection measures are taken.

Food security
The food security debate with regard to biofuels visry complex and the
circumstances at local, national and regional level have to be considered when

12 Although there are attempts to develop machinery to do so.
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assessing the impact of biofuel crop production. On the one hand, biofuels can offer
rural employment and a new income source along the production chah edn
translate into more or bettquality food for employeeson the other hand biofuels are
said to have caused food price increases and withdrawitdleesources of people
without secured land right3he outcome of the counteractive forces depemdhe

initial circumstancese(g. land abundance, land scarcity, share of energy imported,
correlation between food insecurity and reliance on traditional biomass, competition
of biofuel production with agricultural resources used for food prodyc{iewing

and Msangi, 2009 Whether a household or a country benefits from rising food prices
depends on whether it is net food producer or consumer. Net producers would benefit
from higher prices since (if not siphoned along the production chain) their profit
increases.Net consumers would largely be negatively affecteden the net
purchasing powedecreases. Bhy smallscale subsistence farmers in developing
countriesbelong to the group of net food consumers and tetipurchasing power
determinesvhethera household can improve its food security (defined as access to
food). Very poor net food buyers who spend the largest share of their budget on food
(50-60%, von Braun, 2008ill be affected mostly This means thabnly a slight
increase in food pricesffact their food consumption. Therefore, it should be clear
which (political) objectives are soughith wide-ranging biofuel strategiesnd who

are the target groups of the policig@nly after carefully assessing the possible
negative and positive impacbn food securitygdomestic biofuel production capacity
should be considered an option

Food security: the case ofatropha

In the case of Jatropha it is claimed that its cultivation does not compete with food
crops since it can be planted on marginaldegraded land (Francet al, 2005).
However, assessments of the availability of marginal, degraded, abandoned land or
wasteland need be treated with caution becthese lands can taready sources of
wooduel, fodder and thatch for local peopla clear and internationally accepted
definition of marginal, degraded, abandoned or idle land etc. does not exists
(Chiavari, 2009)and projects might take an advantage of this muddiebhitions

When other competing uses are taken into accadditionaly (e.g.carbon storage

and biodiversity, see Sections 2.2 and 2% available area of abandoned land may
be considerably less than somsearcherbave estimated (Phalan, 2009).

Moreover, Jatropha vyield is higher in more fertile soils and the aleseribed
discussion on food security is not different for the case of Jatropha ia ¢éfand

rights and land competition. Farmers make their decisions based on economic
incentives; Jatropha is not an exemption (Srinivasan, 20@8ye scale Jatropha
plantations on marginal land might impamt thelivelihoods of poor inhabitants who
rely on these areas (Ewing and Msangi,
land. Secondly, an economaity viable production of Jatropha might compete with
food crgos for input resources like water (FAO, 2008) and therefore affect the yield of
other food crops in the tzhment area. On the other handchnology spillover
effects from outgrower programs, where inputs and extension service are provided,
canlead to anincrease in food crop yields (Ewing and Msangi, 2009). Moreover,
formerly degraded areas can, after few years of Jatropha cultivation, be used for
intercropping with food or cash crops, which improves farthéoed security
(defined as access to food)aetitly through the food production or indirectly through
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the increase of incomeThus, there is a huge potential that Jatropha production
improves food security but it is not automatically food sectirigndly,

Economic sustainability

Economic efficieng is important for bioenergy projects in order to survive and to be
competitive vith fossil fuel in the longun. If biofuels cannot achieve economic
sustainability, other environmental and social benefits attached to biofuels are also at
risk. The fluctuaing dollar and oil price mean an additional threat to biofuel
competitiveness, especially for small projects with less finarigaibility. At the

local level, the technical knoWwow, capital availability for staip costs, lack of
private sector capég and support, market development, and secure land tenure are
often cited as limitations to smadtale agricultural developmerEwing and Msangi,
2009).

Economic sustainability. the case oflatropha

The financial sustainability of Jatropha dependssewveral factors at the production
level but also macroeconomic conditiorsy.investment costs (land clearing, seeds,
equipment, etc.), world market price of petrol/crude oil, local wage rates, national and
international policiest{ade barriers and dmrtive subsidies)irrigation costs, and
transport costsThe highly variableyield of Jatrophanakes itquestionable whether
Jatropha projectsespecially smaltscale can survive in the lorterm without
subsidies in the form of producer credits or potive tariffs on competing products,
especially because most industrial processes require economies of scale and high
levels of extraction efficiency which load additional pressure on small projects
(Ewing and Msangi, 2009)Since the economic viabilityals not been proven for
Jatropha projects so far, some voices say they would be only useful as rural
development projects (Kohdit al,, 2009).

4 EMERGING SUSTAINABILITY CRITERIA FOR BIOFUELS

As seen above there are maugtainability concerns related tmtuels In response
manycalledfor some better regulation of the impacts of biofuels. This chaptexs

why and how certification cabe used forsustainabiliy and presents tweets of

criteria in more detail; the sustainability standards from the &abfe of Sustainable
Biofuels (RSB) is presented because it is the most comprehéhseteof criteria so
far andit is apotential alternativecheme to the RED which does natludeJatropha

with default values so far; arttle sustainability criterighat is part ofRED because
this is the only set of criteria that is bindiagnong the EU Member States

4.1 Initiatives to developsustainability criteria

There are multiple examples of efforts develsystainability criteria. There are
national initiatives €.g. Cramer Commission in the Netherlands, Low Carbon Vehicle
Partnership, LowCVP in UK), initiatives from NGOs (WWF), from companies
(Green Gold LabelECOFYS, international bodies (UN/FAO, EU) and international
stakeholder group (RSB)he broad involvenent of different sectors in the discussion
of sustainabilitycertification shows how urgent thee need for a solutionTise
increasing number of initiativesnd the proliferation of standardssks fragmenting

B Fora comparison of several sets of criteria see Fehrenbach et al., 2008; van Dam et al., 2008; and Kaphengst et
al., 2009.
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the market andmakes it increasinglydifficult for industry, civil society and
consumers to follow, participate in, and implement all of the different approaches
which increased thancertainty for producers and consumete may have to meet
differentstandards for different markets (Kaphenrgjstl., 2009)

Product ertification can be important becausere are some quality issues that are
intangible to consumers and which they cannot verify themselves, suchsis
environmental conditions, equity in transactions, or rights of agricultoeders.The

idea ofcertificationis to verify, confirmedby a third party, that a product, service or
process complies with requirements of a specified standards or technical regulations.
Certification for biofuels offers some assurance that the wongadts are mitigated

via compliance within a given certification scherfius, the perceived quality does

not dependaloneon t he ¢ ons u methedpsoductwut the de s amer s o
decision can be aided ltlge standards assured by an independent hadthermore,

from an economic point of view, transactions are made much e@ségreconomic
agents know what they are buying (Ticona and Frota, 2008). Some certification
schemes are already welstablishedfor some product groups and with different
purposes, ensuring different quality or social standards at different stages of the
production chain. Commonly known certification schemes or labels are those from
fair-trade organizationse(g. FLO), ecologically produced food and food products
(e.g.EUREPGARGLOBALGAP), and for forestry producte.g.FSC).

Compared to some of the above mentioned certification schemes, certifying the
sustainability of biofuels is more complex. And it becomes more complicated the
more sustainability criteri@re involved This is because sustainability dimensions
(i.e.environmental, social and econoini@ave to be taken into account at all stages of
the biofuel production chain: while transforming land, during cultivation of energy
crops, while producing and applying fegirs and pesticides, while processing crops
to biofuel, while transporting it and while using it in the car. Biofuel certification
schemes could be either based on government regulation, voluntary certification
systems or private labels with higher standathan those mandated by law, such as
bio-energy labels combined with international agreements, or standardized with a
minimum international level (van Dast al, 2008; Fritschet al, 2009.

In order to counter the problem of proliferation of too snhalifferent certification
schemes and the complexity and confusion involved for industry, civil society and
consumersfimetastandards or figeneric standardshave recently beediscussed.
Certification through a metstandard is not achieved by meeting thiteria outlined
exclusively for that purpose, but through meeting a combination of already existing
standards €.g. FSC for environmental criteria, FLO for social criteria). A generic
standard develgpa complete new set of principles and criteria,laeipg and
merging as muchs possiblalifferent approaches in order to have only one common
standard (Kaphengst al, 2009.

4.2 Roundtable of Sustainable Biofuel§RSB)

RSB is a multistakeholder effort coordinated by Swiss Federal Institute of
Technologyin Lausanne to develop international standards for sustainable biofuel
production and processinghe purpose is to serve as a reference tool for consumers,
policy-makers, companies, banks and other parties to ensure that biofuels deliver on
their promiseof sustainability. Furthermore, in future it might provide a certification
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system to highlight the biofuels that show the best environmental and social
performance. Nearly 500 stakeholders from 40 countri¢eon-governmental
organizations,farmers, companes, governments and irigovernmental groups
participatel in thefirst phase of theonsultation proces which culminated in the first
draft'4 of sustainability standards in August 2008

Twelve sustainability principles were developed covering topick s land, labour

and human rights, impacts on soil, water and air, security and rural development
issuesand economic efficiencgRSB, 2008)> In August 2009 revised version (V

0.5) of standardwas published with changes and more specifications (RSED).

Most criteria of the RSB standawén be covered by raenvironmental and social
impact assessme(ESIA). The guidelines for the ESIA still have to be developed but

it was agreed thaESIA guidelines shall differ for small, medium, and lasgde
operations. Depending on the criterioreither feedstock producers, feedstock
processors, biofuel producer, and/or biofuel blerater obliged to comply with .it
Being one of the most comprehensive approachefR SB standardstill lacks some
definitions in order to be applicable. Furthermobevereaux and Lee (2009) note
that the certification schemes of RSB remain unclear under WTO law, thus their
application can only be voluntary.

4.3 EU Directive

The renewable energy Directive (RED) sets legally bipdienvironmental
requirements which biofuels and bioliquids delivering the 10% target for transport
fuel must meet. The RED encompasses detailed criterfaHi@ savings, biodiversity

and carbon stocksBiofuels must achieve a minimum level of GHG emission
reduction of 35% from today (from 2013 for installations already in operation 23.
January 2008). This threshold increases to 50% from January 2017 for all installations
(60 % for installations starting operation from 2018) (EC/EP, R0®gicle 19 of the
Directive indicates the calculation of the emissions. However, Eicldtoait (2008)

in their analysis of the criteria argue that the use of the default values in the RED can
be used in a way that biofuels pass 8%% threshold easifif Furthermore, the
unknown contributor to GHG emissions findi
considered. The Commission has to report on the emissions from ILUC, addressing
also ways to minimize the impact of ILUC on GHG emissions by 281&port by

T&E (2009) furthercriticizes that biofuels from installations existing in 2012 are
exempted from ILUC calculations for 5 years subject only to GHG savings of 45%
minimum but without limit on volumesBy thena large damageould already have

taken place. Moreover, it is tigised that many other areas of high conservation value
are excludedd.g.seminatural and natural forests, biodiverse savannahs etc.) (T&E,
2009. However, this is not certain yet, as the definition of biodiverse natural
grassland is not finalised

As it is very difficult to link social sustainability to individual consignments of
biofuels and it may also raise difficulties under existing WTO lamsarial standards
are among the mandatory criteria. However, according to Article 17 paragraph 7, the

14 see http://cgse.epfl.ch/page79931.html for Version Zero in different languages.
15 This paper refers to Version 0.5 of the sustainability standards
16 Although Eickhout et al. (2008) refer to the proposal of the RED, the values they refer to are the same.
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Commission shall report every two years on social sustainability in the Community or
in third countries. These include the
availability of foodstuffs at affordable prices, in particular for people living in
developiy countri eso, 60l and use rightso6é a
biofuel or bioliquid has ratified and implemented a number of Conventions of the
International Labour Organization (ILO). Furthermore, the reports shall state, whether
the country réafied and implemented the Carthagena Protocol on biosafety and the
Convention on International Trade in Endangered Species of Wild Faurfdaad
Based on these reports (the first is expected in 2@bRective actions can be
proposed, especially whémod prices are affecte@C/EP, 2009).

The RED has to be transposed into national law 18 month after publication in the
Official Journal of the European Unione. in December 2010After this date there

are three waysow biofuelsthat are importednto the EUcount towards the 10%
renewable energgargetin transport 1. institutions of the Member States can certify

6i m

nd w

consignmentsaccording to the sustainability criteria in the RED 2 . o6volunt al

schemesd6 accredited by t hent, €2 multtibitateralo n
agreements ensutkat the criteria of the directivie met(Article 18 (4)) Voluntary
schemes can be certifying bodies like tReundtable on Responsible Sathe
Roundtabé on Sustainable Palm Qit otherpublic andprivatebodies which have to
be accredited by the Commissigkccreditationensureghat thecriteria of voluntary
schemegneetthe standards of the REMulti-/bilateral agreements can be signed
with countriesvhose nationalequirements meet those of the RED.

For Jatropha biofuel certificatiprihe RSB or a private certifier would be good
option because no default values for GHG emission reduction calcubdtid@iropha

are given in the REDThis makescertification by Member States currenthot
possible In AnnexV the RED providesdefault values for the calculation of €O
emissions for several feedstocksDefault values are intended to reduce the
administrative burderlthough the annex can be amended, this will not happen too
often. The Joint Research i@ as a part of the Commission conducts the scientific
work on the default values. They are expected to be working on default value for
Jatropha., It is difficult to foresee when a Jatropha default value will be included.
Until then, the actual value dfatropha biofuel has to be calculated and verified, e.g.
under a voluntary scheme. Details on how to do this is expected in the communication
from the Commission, expected in the first quarter of 2010.

The Annex V sets out bonyslues for biofuels thaire grown on severely degraded
and heavily contaminated land (Annex V, part C, 8) which might be beneficial for
Jatropha grown on this type of land to reach the minimum GHG emission reductions.
The bonuses can be given for a period of up to 10 years. loytbe Commission is

still working on the detailed definitions of degraded and contaminated land which is
expected to be published by the first quarter of 2010. Marginal land is not included in
the bonussystem. Article 17 (3) specifies from which lande thaw material of
biofuels should not come. Among these land is also highly biodiverse grassland, both
temperate and tropical. However, the Commission is still to establish criteria and
geographical ranges which define highly biodiverse grasslands. Tingidefof this

term might conflict with the notion of marginal land, which is often used for Jatropha
cultivation.
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The RED does not foresee any bonus or exceptional support forssralalbiofuel
production. It does also not consider biofuels that argfied under a more stringent
sustainability scheme in a special way. A communication explaining a series of issues
related to thémplementation igxpected to be published in the first quaaie2010

4.4 Comparing legally binding RED and voluntary RSB

Under the EU Directiveof all the GHGsonly CO, emissions have to be considered,
whilst the standards from the RSB include emissions from, @O and CH.
Additionally, the RSB GHG calculations are subject to advances in how to
incorporate emissions fino ILUC, which can be included in the standards also at a
latter point of time. In June and July 2009, the European Commission has held a pre
consultation on ILUC which shall feed in a formal consultation document, as required
in the RED (and also in the EuQuality Directive 98/70/ECY. Concerning water and

air quality the RED requires that the European Commission reports on national
measure that third countries and Member States have undertaken for water and air
quality protection. In contrast, the RSBshconcrete criteria which are compulsory in
order to be certified. A similar procedure applies for human and labour :rights
According to theRED the Commission shall only report on whether Member States
and third countries have ratified a number of cotieas of thelLO, while the RSB
requires all producers, processers and blenders to fulfil each of these conventions.
There are also more detailed rules for soil quality and under the topics of biodiversity
and ecosystems in the RSB. For a detailed congaw$ the EU Directive and the
RSB standards in aten sustainability subjectwith the respective paragraphs in the
criteria sesee Appendix 1.

4.5 Application of sustainability criteria

The elaboration obiofuel sustainability criteria is a relativelygent processdence

very little literature exists about the impact sets of criteria might have on international
trade of biofuels and oproducingentities.Similar to other certification schemes the
economic/financial effect of bioenergy certification pmoducers can be twofold. On

the one hand cgfication can open new markekgence increassales. On the other
hand investment costs could be a hurdle. Projects which cannot afford certification
can be excluded from markets or certification might notleenhe expected benefits.
Thus certification costs can be a barrier to broader markets for small operators

Although the need for certification of biofuels is widely recognized, bio$tette

holders warn against too complex standards. Many sesdification enhancing
publicbs acceptance of biofuels if certi fi
problems. In contrasif certification hastoo many standards @ould constrain the

development of a global biofuel market. However, as a possitidityeconcile

mandatory and voluntary certificationt has been suggestéloat certain pointse.g.

GHG emissions could be certified under government standards whereas other
sustainability criteria targeting.g. water or land use and social concerns d¢dug

certified under a voluntary scheme (Devereaux and Lee)2009

Also Buchholzet al. (2009), who surveyed bioenergy expémpinions about and
perceptions D35 sustainability criteria, found that the three sustainability dimensions

17 whether this will lead to the inclusion of ILUC feature in the RED remains to be seen giving the strong opposition
of some Member States, like Spain, Austria and Italy (EC, 2009).
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were rated diffeently among the four attributes 1. Importance, 2. Relevance, 3.
Reliability and 4. Practicability. Environmental criteria were rated most important and
relevant, economic criteria were rated most reliable and practical whereas social
criteria were rated lgest in all four attributes. On average social criteria were ranked
less important compared to environmental and economic criteria. Furthermore,
macroeconomic sustainability was ranked in the bottom third for the attributes
Arel evanceo, fdipmpetti amded yoswamgesti ng that
required and accepted and that environmentally friendly sources of energy should be
developed even if they are more costly. Some criteria were ranked as important but
respondents were not confident abdhbér practicality or reliability, like water
management, compliance with laws, monitoring of criteria performance, and food
security. Thefood security criteriorwas the only one ranked under top third of
importance but under bottom third of practicaliihe great disparity between the
attributes shows that there is high uncertainty on how to measure these item

Cost of compliance

Certification schemes bear the risk that srsdhle operatorare excluded from the
targetmarket if a certification desigdoes not take the different conditions of small
and large operators into accounhis is alsapplies tabioenergy certificationLarger
operators might have an advantage do economies of scale agceater financial
margins. If the same certificatiaequirements applfor both, small and large scale
operatorsthe financial burden is proportionally higher for the srsaklile operator.

Smeetset al. (2005) investigated the impact of meeting requirements of 12
sustainability criteri# in terms of cos and the availability of bioenergy of short
rotation woody crops in Brazil and Ukraine. The total costs of meeting the criteria
increased by 35% to 88% in Brazil and 10% to 26% in Ukraine. The strongest impact
on costs can be found in areas of low praidity. This is due to the large share of the
costs that are fixed, while the yield level depends on the land suitability class (Smeets
et al, 2005). Although neither totally consistent with the standards from the EU
Directive norwith the RSB, these reks shows that certification adds to production
costs. Costlymultiple (e.g.for national and international, obligatory and voluntary
standards), or too complex certification should therefore be avoided

ProBEC (Program for biomass energy and consemwpts part othe GTZ (German
Technical Cooperation) sustainability programme tested sustainability criteria for
biofuels from Jatropha, palm oil, tapioca and sugarcane. Preliminary results show that
for the Mozambican case the most crucial challengéasiriclusion of smalscale
farmers in the bioenergy vahohain. Their difficulties do not lie in the sustainable
production itself but in the costs of certification and the lack of appropriate
information channels. Furthermore, the costs for informing &aining many
individual smallholders are much higher than training one plantatiamager.
Therefore, it was suggested to organize groups of smallholders who are informed
through one representative and who are certified as a group. Concerning GHG saving
practitioners will need supporon the methodology used and for developing
appropriate tools to monitor the performance (Kaphengst and Schilegel, 2008

18 The 12 criteria include deforestation, competition with food production, biodiversity, soil erosion, fresh water,
nutrient leaching, pollution from chemicals, employment, child labour, wages, education and health care.
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PART 2

5 EXPLORING THE IMPLIC ATIONS OF DIFFERENT PRODUCTION
MODELS FOR SUSTAINABILITY OF JATROPHA PR ODUCTION

This chaptermpresents the results of a survey among Jatropha project developers in
Central and South American countriegarding thesustainabilityareagelated to the
cultivation of Jatrophaln order to get an insight into how Jatropha projectslid be
affected by sustainability criteriand emergent certification schemasscribed in
chaptes 4.2 and 4.3information was gathered on what kind of sustainability issues
Jatropha projects already take into account. For this purposgvey withsami-
structured telephone interviewgs conducted with projects developers of different
Jatropha productioapproaches in Central and South America.

5.1 Methodology

Below, the am and motivation for this study, the survey methodology tred
selection procesd the case studiesre outlined

5.1.1 Aim of this study

The aim of this study is to gain insightto what measuregrojects are taking to
deliver sustainably produced JatropBg.projectany process that produgéatropha

for commercial purposes within a aart time framas meantlt is expected that there

are differences when comparing different project approaches in terms of the
sustainability dimensions thagke into accountFurthermore, this studyill help to
reveal common problenssichprojects aredcing

5.1.2 Survey methodology

In order to get first hand information it was decided that it is best to approach Jatropha
project developers in Central and South America directly. Information about the
Jatropha projects was gatheratirough a survey entailingtwo successive
guestionnaires: the firstvas used to gathemformation on the structure and
production approach, the secohabked into how the sustainability dimensions
discussed in chapter 3 are taken into account by the projéetRSB sustainabilit
criteria wereused as a guidelirte develop lhie questions
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Textbox 2 Survey methodology

In a first step a 1-page/short questionnaire was sent along with a cover letter (email), introducing the
purpose of the study and the Institute, to all Jatropha projects that were accessible in Central and
South America (which were 36). The questionnaire as well as the cover letter was sent in English and
Spanish. This first questionnaire asked for the location, time of establishment of the project and
whether project developers are willing to disclose information about sustainability measures of the
project in a second step; a semi-structured telephone interview. We asked for the time of
establishment of the project and the plantations date as projects already in operation for some time
were likely to provide better data than newly established projects or those still in the planning phase.
This is because the Jatropha tree needs approximately 5 years to be in full production. From 13
projects that responded 10 were suitable for our analysis and their project developers were
interviewed in July 2009.

The second, longer questionnaire contained questions concerning the ownership structure of the
project and the type of land where Jatropha is planted. Since it was expected to see some differences
between plantation projects and projects which work with small commercial and subsistence farmers
regarding measures taken for social, environmental and economic sustainability, all types of project
was approached. The first section of the questionnaire also included questions on the aims and goals
of the project as well as the target group the project, and serves to interpret and compare the data
gathered within the second part of the questionnaire i about measures taken under the three
sustainability areas: environmental, social and economic i with the characteristics explored in the first
section. Although the questions are inspired by the RSB sustainability criteria set, not all the details
could be explored in the interviews. The questions are not made for assessing whether projects are in
effect sustainable or not. For instance, it is not examined what the exact amount of emissions from soil
is but which measures are taken to prevent them.

5.1.3 Selection of ase studies

The 10 projects that participated in the survey belong to different project approaches.
Due to its ability to grow without much inpuiatropha is a popular plant that is
promoted within in rural development projects that work mainly with small
commercial and subsistence farmers, compared to plantation projects. It was expected
that the different project pursue different main objectives, rural development
projects pursuenainly social objectives vs. plantation projects for which economic
and environmental (GHG emission reduction) objectives are more important. During
the data collection we differentiabetween the ownership of landdthe ownership

of theprocessing facilityor distinguishing the different project approaches. However,
only very few projects have already established a processing facility and breaking
projects down according to this second criterion waakllt in t@ many very small
groupsfor the small number of participants in the study. Therefore, we neglect the
processing facility ownership issue for further analysis and concentrate on the
ownership structure of the land that is cultivated with Jatropha. Basetiheon
ownership structure we can differentiate between pure outgrower projects, pure
plantation projects and projsctwhich combine the plantation and outgrower
approach

Outgrower projects are a form of contract farming with smallholder participation
(FAO, 2008). Outgrower schemegludean enterprisewhich can berivate, public,

a publicprivatepartnership or part of a development projeathich is the central
managing entity which contracts farmers to plant Jatropligh Jatropha as an
additionalcrop, farmers can diversify their income sourddss is a common model
applied in development projects which enabi@mers to increase knowledge and
productivity and ensure prpoor growth (FAO, 2008)It is also appliedo biofuel
feedstock like cassavand sugar cane. The area planted with Jatropha belongs to
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subsistence and small commercial farmers with less than 5 ha under cul@%ation.
Four project developers from the survéye | | i n the ougtowegor y
project®. In some of these projex;tin which a processing facility already existed, the
farmers sometimes emwvn the processing plant as well. In order to stimulate the
plantation of Jatropha an enterprise usually provides some input material to the
outgrower farmersge.g. seedlings, teatical equipment, etc.. The enterprise also
provides some technical training in order to increase the cultivation potential. In
exchange the outgrower farmer is obliged by a contract to deliver the harvested seeds
only to the entity. With these contract® tentity can envisage the amount of seeds to
expect every year and adjust the planningthe most efficient way. Outgrower
projectsoften workwith dozens or hundreds of differemitgrowerfamers.

Plantations projects in contrast, are managed mainly lone enterprise which
operates large amounts of land and k#sof the decisiormaking power about
production and processingihere arethree fipure plantation projeabsin the survey.
Many of these enterprises are foreign investors or -j@ntures of ational and
international partners.

Table 1: Description of projects participating in survey*

Location Type of project Amount of Jatropha
planted in June 2009
(in ha)

Central America Outgrower > 200 < 300

Central America Outgrower >10<50

South America Outgrower > 500 < 1000

Central America Outgrower > 200 < 300

Central America Plantation and Outgrowe| > 50 < 100

South America Plantation and Outgrowe| > 50 < 100

South America Plantation and Outgrowe| > 1000 < 1500

SouthAmerica Pure plantation > 1000< 1500

Central America Pure plantation > 1000 < 1500

Central America Pure plantation <10

*In order to present the data in an anonymised form, the amount of area planted with Jatropha is only presented in
intervalsand he location is not indicated per country but per region

Some projectcombine the two approachesand operate plantations as well as
working with outgroweifamers. Three projects within the survey deployed this
approach. Table 1 gives an overview of pinejects interviewedWhen not explicitly
referring to Apure outgrowero projects,

5.2 Context of the projects: their aims and their target group

To understand how projects are wiakand why they apply certaineasures, project
developers were questioned about the main objective and secondary aims of the
project as well as the target group that should benefit from the project

19 Based on experience of a project partner in Central America we defined small commercial and subsistence
farmers as not possessing more than 5 ha. The definition for this type of farmers might be different under other
circumstances.
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Among the outgrower projects the main objective of the operation was rural
developmen Only one outgrower project satve return on investment and thus the
economic feasibility as the primary goalthough this project falls under an
outgrower approach it differentiates from the others because it was integrated in
already existing prod@ion chains and businessstructures The other outgrower
projectswere still to establish production chains.

Economic success @lso the main objective of all plantation projedgart from
these primary objectives all projects, outgrower and plantatibadenvironmental
targets on their agen@s secondary objectiveBesides contributing to the reduction
of GHG emissiong&s an environmental targehost projects interad to improve soil
quality by restoringand reclainmg landor prevent further sogrosion.

Similar to the primary goal of the projects, the target group differs between outgrower
and plantation projects. Outgrower projects mainly target ssnalefarmers one

does also targetfarge scale farmersplantations want primarily servedhinterest of

their shareholders batre also willing taconsider the needs of smatiale famers in a
second stepnd introduce outgrower schemes in the future

Independently of the target group, most projects said that the target group did not yet
bendit from the projector benefits were lower than expectddhere were two main
reasons for this current outcome. Either it was simply too early to judge results
against expectation®.g. the projecthave not yet entered an important production
stageand o marketable amount was harvestadseeds were not proced$eor the
projects were delayeith achieving results, so they are not able to assess the results
against projections they made before. (See more about this issue in the Economic
sustainability semn below)

Some projects are quite clear about which market they want to serve. This can be
either the local or national market, regional market Central or South America,
depending on where the project is located) or the international maekegxport to

North America or Europe). Outgrower projects want to trade locally or nationally
Theyonly want togo beyond these boundaries in case tiesairplusproduction of
Jatropha oil or biodieselPlantation projects had targeted bigger markets, lynain
international ones, but made it dependent on the market pAsesnany of the
countries where the projects are located are net fuel importers, they also see good
opportunities here.However, sme project developers are aware of cartai
governmental symrt for biofuels, e.g. in the EUand wereconsideringtaking
advantage dthese

5.3 Exploring the consideration of sistainability dimensions of existing
Jatropha projects

This chapter presents the findings of the surweyterms ofthe perception of
sustanability criteriaby Jatropha project developers arfdloe specific measures that
are undertaken within the projects

5.3.1 Knowledge and acceptance of sustainability criteria

Sustainability criteria are heavily discussed among NGOs, biofuel practitioners,
policy makers and also in the meditis the usual perception that biofuel projects in
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developing countries want to export to other marke,the EU,andit is assumed

that projects in developing countries coulierefore be affected by EUpolicy
decisons and also bgtrongersustainability criteria. Therefore, project developers
were asked whether they know the EU and RSB criteria and what they think about
sustainability criteria in general.

Only some of the projects have heard about the sustatyatriieria the EU ha
established in the Directive on renewable energy. In percentage there were more
plantations than outgrower projects that were aware of the recent policyTuish.
might be related to the intention of most plantation project to €&xperproduced
biofuel compared to the outgrower projects that mainly want to serve the local or
regional marketThe same applies to tiRSB standard. Only some of the interviewed
project developers knew the RSB and within this group there were sligtly m
plantation projects. Ongroject developer of glantation is involved in the
stakeholder consultation process

Apart from the lack of awareness of many project developiel®ththe EU andthe

RSB sustainability criteria, all valued sustainabilitsiteria as very important. Some
argued that national capacities and regulations, as far as they already exist for
biofuels, will not be respected or not enforced by theponsibleentities and
internationalaccepted sustainabilistandards might closéis gap. Others explained

that they feel that developing countredsohave to increase their efforts in protecting

the environment. This is not related to GHG emissions but to environmental
protection in general. They further explained that they nowzeehbw sustainability

in all its facets will increase the living standard of peofleme argued sustainability
criteria should be introduced as fast as possible since it is easier for them to directly
include them irthe business planf the projectsrom the beginning. Another opinion

was that sustainability criteria might bring a renaissance of indigenous agricultural
techniqueslt was mentioned thaturrenty there is anincompetency of usinghe
excellentindigenousagronomic knowledgeThe project dveloperwith the latter
opinion also sees some potential for combining this knowledge with newer
technology.For him the main reason for tiecompetency is lack of investment and
finance. He thinks that biofuel production which respects Aadgtted sstainability
criteria should also respect these old traditionstaatthis in turn will contributeto
operating sustainaypl

Another project mentioned that it waglite difficult to obtain information on the
different sets of criteria, especially in &psh2° Having a clear set of criteriaould
have been very helpful during the planning phase of the project.

5.3.2 Environmentakustainability

The core of the production of biofuels is its supposed environmental benefits.
Especially Jatropha is said to haversenvironmental advantages than other biofuel
crops, e.g. savings GHG emissiondheing beneficial for soil quality and not
consuming much water. Therefore, projects were asked about the measures taken in
order to ensure the advantages presented in ch&pt&he topics include the

20 Note: Both, the sustainability criteria from the RED and the version O of the RSB criteria are available in Spanish
language under http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0016:0062:ES:PDF and
http://cgse.epfl.ch/webdav/site/cgse/shared/Biofuels/VersionZero/brochure/RSB-brochure-esp.pdf respectively.
However, inferring from these documents what a project shall undertake is another challenge.
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calculation of GHG emissions, emissions from land use change, soil quality, water air
and biodiversityand are outlined in the next sabapters

5.3.2.1 Calculation ofGHG emissionsind carbon credits

Reachinga certain degree of GH@mission reduction is compulsory to fulfil any
biofuel sustainability standards or criteria. Calculating GHG emissions from projects
is thereforenecessary to prowbatreduction targets are achievaad in order to enter
internationaimarkets.

Most ofthe plantations and combined plantatmutgrower projects want to calené

GHG emission in the future,faw hal already started calculation in 2009. Although

one might think that the main driver behittte calculation of GHG emission is to
prove the rduction of emission, the main objective for plantation projects to calculate
GHG emissions is to obtain carbon credits. Besides the feedstock, carbon credits can
mean a substantial income souréefew projects have appointed consultancies to
help them oldining these credits. Others are considering doing the.same

In the courseof analysingthe interviews andnformation from the project developers

on obtainingcarbon credits, additional information on tkisbjectwas sought from a
consultancy providingdviory services in this field. Emergedhat receiving carbon

credits for Jatropha projects is possibiigh four differentstrategiesl) a project can

be recognized as a reforestation project which is judged against a baseline of degraded
or extensiely managed land, 2) a biofugroject whichproduces biodiesel and
reduces emissions compared to the same amount of fuel consumed of fossil fuels, 3) a
biomass project that supplies biomass to power plants, thus reduces emissions
compared to the use obdsil energy power plants, and 4) a biogas projects that
supplies input(e.g. crop residuesseedcakKeto gasbased power plants instead of
fossil inputs.

Table 2: Strategiesfor receiving carbon credits for Jatropha plantations

. Origin of CDM Volume | Value pel
Project Carbon Credit{ methodology| Standard of credits| credit Demand and buye

Reforestation| Carbon AR-AMO0001 |VER* with | High Variable | No demandmn
accumulated it CCBS add 0.53 compliance
Jatropha trees on Euro market

recommend 1 Higherdemandm
ed voluntary
market*

Biofuel LCA AMS IIL.T CDM High High 57 |9 Moderate i
comparison |ACMO0017 (possibly Euro compliance
between GS CDM) market
biofuels and 9 No demand in
fossil fuels voluntary market

Biomass Electricity AMS I.D Depends of Medium |High 57| High demandn all
production AMS I.C project, high Euro standards
(possibly AMS IILLE CDM and
methane VER
avoidance) possible

Biogas Low carbon AMS I.D Depends of Medium |High 57 |High demandn all
electricity AMS I.C project, high Euro standards
and/or hea AMS III.F CDM and
production VER
(possibly possible
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methane
avoidance)

Source: Horka, 2009.

*VER: Verified Emission Reductions (GHG emission reductions not certified under the Flexible Mechanisms of
the Kyoto Protocoli(e. CDM andJl), but in a voluntary certification procefss the voluntary market

**\/oluntary market: The voluntary market consists of carbon credit buyers that have voluntarily committed to
compensate for their GHG emissionsgaychasingemission reduction ctficates from GHG reductioprojects.

The beststrategy to obtain carbon credits depends on the stadgvefopment of the
Jatrophaproject. Inan early stage the strategy would focus anadforestation or
reforestation(A/R) project activity monetiized in the Voluntary Market. dter on
renewable energy project activitieanaccompanythe previous project activity in a
second stagéson Laer, 2009)As mentionedearlier, Jatropha reaches full production
only after some yearand anresource and poidy time intensive applicatiofior a

small amount of biofuel is very likely not profitabl€here arealso some barriers
before a Jatropha project can be recognized as a reforestation project. In order to be
recognized as a reforestation project it isassary thaarea cultivated witldatropha

fall under the definition of a forest according to the UN definition and the definition

of the countryi.e. the Designated National Authority (DNA). These definitions might
differ from country to country. The deftron involves a specification of the
minimum land area to be covered by the plant, the minimum tree height and the
minimum tree crown cover. Other requirememidude,that no grazing should have
taken place in the reforested area, that there was rtarspife-project activitiesthe

land shoulchothave been deforested between 1990 and now (so that no incentive was
given to deforest area and then receive credits for reforesting), the area should have
been degraded and still be in the process of deggadiore (when it is not
reforested), and there has to be a lmmgn monitoring in order to ensure the
continuity of the forest (Horka, 2009).

Outgrower projects did not have strong ambitions to calculate emissions. Only few
plan to estimate them. Howew different from plantations projects, the main reason
to do so is to know the exact carbon footprint of the overall project and to further
develop emission saving progress in the profeoe underlying reason for the lack of
enthusiasm of smaller prae might be the perceived opinion that it is extremely
difficult to obtain carbon credits fomsaller projects or for dispersédrmers in one
project. This is dueto the fact that it is difficult talefine mall dispersedareasof
Jatropha trees as a feteThus, the expectations of the potential economic reward are
not as high as for plantation projects, and as a result, the motivation is different and
less strong.

5.3.2.2 GHG emission from land use change

As notedin chapter 3ot only the abowground biomasstores carbon, but also the

soil does. Furthermoreemissions are much lower when Jatropha is cultivated on
marginal land. Therefore, projects were asked in detail how much ofcthigirated
areais located on marginal or degraded land, since how maassyibese areas were

not in use for agricultural production, and what was the use before the land was
converted toJatropha cultivationMoreover, measures that prevent emissions from
soil were queried.

All outgrower and combined outgrowplantation progcts have planted Jatropha on

marginal soil to some extent. The share of degraded land \lihiplantations varies
from 10%to 100%. Most of this marginal land was not in use for 3 to 10 years. Some
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was in use for grazing. Although in this study the ami@f GHG emitted from the

single projects is not calculated and it is not investigated in detail which agricultural
practices(e.g.use of fertilizer)are employegdthe results from the LCA presented in
chapter 3suggest that th6&HG balancebecomes advaageouswhen Jatropha is

pl anted on degraded | and that otherwise
i.e. less GHG are emitted (Rettenmagtral, 2008; Reinhardet al, 2007). This is
because the cultivation of Jatropha contributes to anaserén carbon stock as
biomass. Some outgrower projects also target very hilly areas with steep gradients
which are otherwise only used for grazing due to tthiéficult to reach location

Plantation projectsalso use degraded land but there are sona lelieve Jatropha
should be growionly on arable land because Jatropha cultivation is a business and the
profit is higher when grown on arable land. Due to #ti®ng position of some
plantation project managetbere are projects working on 1008&6able land and
others that gltivate Jatropha on 100%egraded land.

5.3.2.3 Soil quality and emission fromgriculturalpractices

In order to prevent emissions from working the soil some plantation projects did not
plough the whole area planted but only those parts/Iwhere the Jatropha seedling

was placed. With this method only 328from one ha, which corresponds to 3.2 % of

the land was exposed to emitting carbon. This does however depend on the approach
of how many seedlings are planted. Some have a 2m x 4moambpother prefer a 3m

x 3m distance between the plants. When Jatropha is planted as a living fence, as it is
the case for many of the outgrower famers in outgrower projects, and farmers plant
the seedlings one by oras an alleyit has the same emissi@avingeffect. Some
outgrower projects have large parts of their plantations solely as living fences.

As for every plant the fertility of the soil and the addition of inputs like irrigation and
fertilization are crucial for the growth of the plant ahd amount of yieldProper soil
analysis can help to estimate the actual amount of inputs néddstloutgrower and

all plantation projects have undertaken soil analysis prior to the project. Maalgare
undertaking regular soil analysiBhis does nobnly have ecological benefits but also
financial resources can be savedy avoiding overfertilization and excess of
irrigation.

The RSB sustainability criteria do not only dresee that the cultivation of biofuel
crops shouldnot depletesoil quality but biofuel crop cultivation should rather
enhancethe soil quality Jatropha offers several possibilities to contribute to soail
improvement but there are also some practices that are counterprodadiveq
much fertilization).Therefore, projectievelopes were asked for concrete measures
that are applied in order to enhance the soil quality.

Independently from the production model all projects make use of the possibilities
that Jatropha offers to improve soil qualifimong the practices taken to keep
further enhance thsoil quality many projects leay@imary material (leafs and tree

cut) on the fields instead ofollecting them The resulting biomass provides
micronutrientdirectly on the field Concerning other residues from processing, most
prgects claimed that they can make use of all gaatsested from th@atropha plant
Projects which already had a substantial hargegithat all the material was reused

in some stage of thplantationcycle One project developer explaindte detailed
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analysisthey undertookof the residuesAfter harvesting the fruit, opening and
pressing it, the hultan beused twefold: to produce organic briquettes (3kg briquette
has a calofic power of 1 kg fossil oil), or as a fertilizer. For the latter one asw
grinded and composted anaerobicahd becamea very good fertilizerwith NPK,
15% each)This project further analyzed tlseed cakevhich they tested for the use
of three differenpurposeswhen the cake is detoxifiatican beusedfor animal feed
with 56% proteinjt can be used as a biopesticatel as fertilizer.

However, when Jatropha is cultivated on degraded soil additional nutrients might be
necessary to achieve an economically viable production level. Most projects
undertake periodic sogxaminations/analysis in order to know the quality of their
area and what nutrients are needed. In order to increase the nutrients in the soil many
projects applying additional fertilizersse bieagents which are less harmful to the
environment than thiechemical counterparts

One project developeareported that chemical fertilizers are so expensive that it is
almost impossible for small scale farmers to afford them. Furthermore, in remote
markets fertilizers are not even availabkor them Jatropha pvides low price
biological fertilizer at local leveand is not only used for the productionJaitropha

but also to enhance the growth of other plahts

5.3.2.4 Ecosystems and biodiversity

According to the project developerso mprojectis located in an aredhat was
considered aecognizedhigh conservation valueHCV) area However, there are
effects ofJatrophamanagemenpractices and characteristiof Jatropha cultivation

that are potentially beneficiar disadvantageoufor biodiversity and ecosystems
compared to other biofuel cropBeneficial can bedr instancethat Jatropha is a
perennial crop and is therefore mmit completely every yeangnly the fruits are
harvested, thenain plantstays Moreover, the residues left on the ground to provide
nutrients to the soil mighdllso be beneficiaWhere Jatropha is cultivated as a fence it
might be beneficial, in contrasbmeprojects cultivate atrophaon largemonoculture
fields and this might have adverse affectdlany projects cultivate Jatropha on
marginal land and the impact can result in being positive or negative. The impact is
site-specific and an kuepth analysis must be carried out to make a full judgement
here. This goes beyond the scope of this study. However, what we were abtk to fin
out is that ro measures were undertaken which aimed specifically at protecting
ecosystems and biodiversity.

5.3.2.5 Water

Water can be affected in its quality and its quantity. Therefore, project developers
were questioned on how they can make sure that water souecestaglepleted or
polluted. Many projects do not irrigate, thus they do not put additional pressure on
groundwater sources. Other projects harvest rainwater for irrigation vughlwdtter

than taking water from groundwater or other water bodies.

21 The seed cake can also play an important economic role for Jatropha production, and can be regarded as a
product on its own, especially in regions where other fertilizers are not readily available (see for instance
Mulugetta, 2009, for an economic analysis).
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One plamation projectwill estimate the amount of groundwater in the future and want
to take onlya certainamount of water thawill not disturb the equilibriumThe same
projectwill also estimate theoncreteneed for irrigation based on evapotranspiration
of the plants

Someplantationprojects developers believe that the irrigation water they consume
does not constitutergsk of either water depletion or contaminatidtor instance, one
plantationproject is fed by one of the biggest lakes of South Ameaind the project
developer therefore believes that there is no threat because this source is an abundant
one.

With regard to the impact on water qualityoject developers are aware that the
fertilizer they use might affect wateAdditionally, few propcts have a water
treatment facility to treat the wastewater from the processing facility of biodiesel
production.

5.3.2.6 Residues from processing

Jatropha is ahrubandthe oil for the production of biofuel is obtained from the seeds
in the fruit. The fruits are harvestedra the seeds separated from the shell. The
residue of this process is the seed cake.

As most projects are nget carrying out the crushing of thiatropha seedsnd the
processing from vegetable oil to fuel, only limited data is availabie.One residue
from the processingf Jatropha vegetable oil to fuel is glycerol. The few projects that
had already achieved this stagentionedthat glycerol is not treated like residue

but like a byproduct and isransformed to lowguality soap osoldto themilitary.

5.3.3 Socialsustainability

Besides some environmental ingps the largest possible thredithe development of
biofuels is seen in its social impact in developing countfldge impact can be
manifold and mightaffect income, land rigts, human and labour rights and food
security. Jatropha is said to be among those biofuel crops that can contribute to rural
developmentProject developers were questioned how these issues are handled and
whether there are concrete measures for improtiegsocial situatioror reduce
negative impacts.

5.3.3.1 Social impact documentation

Often mentionedpositive impacts of biofuel projects in developing countries are the
creation of work opportunities in rural are@s plantationspnd income generation

(for outgrower farmers) However, the establishment of biofuel projects does not
necessarily mean that more jobs are created or that the reward for agricultural work
has improved. In order to make changes measurable, it is important that the impacts
are well docmented,e.g. with a baseline assessment of the living standard and
follow-up evaluations. Therefore, projects were asked about their way of assessing
their impact on the region

Only afew projects have undertaken an analysis of the expected socialoéftieetr
project prior to the establishment of the project. The few that iawe scadmit that

the analysis was rather superficial and the lack of incentive to undertake a social
impact analysis lies in the fact that it is not obligatory erdimploymet and income
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creation as a positive social impastnot questioned. For most project developers
employment and income creation also implies improvements of the local food
security situatiorthrough improving financial access to fodanly few projects ave
opened its doors for additional continuous social observations by a third party. An
NGO is working closly together with a plantationcollecting data and holiehg
dialogues with the project developéosdevelop the project in a socially responsible
manner. An outgrower project has invited students to undertake their dissertation
research on theocialimpact.

This social impact of outgrower projects is usually expetdok achieved through
the already mentionettaining in agronomic practices busa training in managerial

skills. This knowledge can also be applied
Furthermore, some projects offer additional courses for nursing plants and soap
making which is traditionally womendés worKk

5.3.3.2 Stakeholder invelement

In order to prevent negative impacts from biofuel projects, the involvement of
stakeholders is demanded prior to the establishment of a biofuel gegdiy the

RSB standargl All project developers weraskedfor the kind of involvementhey
erdorsed or allowed

The setting up of outgrower projects oftenaentl s t hat farmer ds as
organisations are established or stinwes of existing associationsanganisations are

used to form a group of outgrower famers. Since outgrower psoiiget from the

participation of farmers, they show a bigger interest in involving stakeholders in

project development thaaio pure plantation projects. Apart from the farmers, most

outgrower projectalsoinvolved local or regionally operating NGOs. Inns® cases

NGOs also took over some managerial work of the project. However, also plantation

projects made attempts to integrate stakeholders. For instance, local authorities,

empl oyeebs organisations and other inter e
meetings
Apart from the 6good i ntpeojedt developerstiromn i nvol v

plantations mentioned that the relation between the project and the local community
shouldto be good/healthy and faithftdr the wellbeing of the projecOtherwse the

success of the project would be at stake because the project depends on the local
community, e.g. for the labour force. Therefore, it is indispensable to establish and

keep a good relationship with the local communipnother plantationproject also

buldsupon farmerso6 traditional triesgorestablshmi ¢ Kk n o\
a good relationship with farmers in the regidm.contrast theres one plantation
projectwhichc at egori cally say that far metheds i nvol
project is goure private investment.

It seems that in many parts of Latin America the peoplesarssitized tolarge
projects due to a long history of exploitation and contaminatioareas used by
indigenous people caused@ multinationals. Thereforgoroject developerseported
that it is advisable for projects to also incluatiditionalsocial benefits for the local
people or region that go beyond job creatiBramples are, building of schools or
medical centres.
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5.3.3.3 Land rights

In order to explore carerrs over land rights, project developers were asked whether
there have been any disputes over land that is occupied by the project and how these
disputes were solved.

One plantation project reporteldat it hed had a problem with land rights when the
project started but which had been solved at the point of the interview. In the area of
the project there was no commercial agricultural production for several decades.
Although there were formal possession rights, other people used the area for their
purpcses because the owners were not interested in the land. When the project started,
the people using the land without formerly registered land rights claimed their
(traditional) rights on the land. The problem was settled giving them rights to some
parts ofthe land which corresponds to an amount they needed for theirsrakl
agricultural purposes. However, the project developer believes that the government
could help a lot more by making binding lawkhis also implies that there should
have been somesgges that were not properly defindetom his perspective the
project is now obliged morally to offer social and other benefits that were actually not
part of the project planning in order to keep a good relationship with the rural
community which isiow nsitive due to the earlier incident

One outgrower project developer mentioned that he had the impression that in some
areas, where land rights are not yet properly registered, the planting of peteenial
crops like Jatropha (or coffee plants) help®stablish land rights compared to crops
that are planted every year. However, there were no reports about whether this has
lead to the official registering of land

5.3.3.4 Human and labour rights

This study also wamd to explore how labour and human rights e¥gpectedvithin

the projects. The ILO decent work agendamsntionedby most sustainability
initiatives as the guideline for good working practices. Therefore, project developers
were asked about their knowledge of the ILO agenda and about mecharasms th
prevent child labour.

Concerning human and labour rights, most project developers knew the labour
conventions/decent work agenda from th® which forms the basis for both the
social RSB sustainability standarend theEU reporting obligations. Basatly every
enterprise that hires workers knows about the agenda and it was reported that since
their publication they are heavily discussed throughout Latin AmeRtmtation

project developers mentioned that especially businesses that want to trade
internationally will be controlled by the respective Labour Ministries of their
countries and can expect high fines when theyot comply. Furthermore, there is
much external pressure and the companyos
international clientbase is at stake when thdg not comply with the rules. Apart

from plantationssmaller projectslsomentioned that national authorities are strong

in enforcing labour rights with control mechanism. Howewswst project developers

also knew of exceptimal case whererulesare not respected because the owner of the
business haBgoodrelation® to some controlling entity.

When asked abouthe special case of child labour prevention some mentidretd t
they have special measures but most said that thedieve the controlof the
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Governmentvere enough. The plantation projects developers have an age limit set at

16 which can be controlled without much effoiithe case of outgrowers is a little

more complex since many small farmers have to use famibutator their family
business which also includes <childrenods
outgrower projects are aware of the problem and most discuss it with their farmers.
Some also offer special trainings to sessitthe farmers on the imparice of

allowing their children to complete formal school educatidhis problem is not

unique to Jatropha projects but concerns every project involving-sozddl farmers

or family-run businesses

5.3.3.5 Food security

We have learned in chapter 3 tlia¢ cultvation of Jatropha and other biofuel crops
can affect food security on the macro and micro leUérefore, poject developers
were questioned if and howhey considered the impact on national and local food
security and what kind of measures were urden in order to immve the food
security situation

As described in chapter 3, Jatropha can grow on soil that is not suitable for other food
or cash crops. Many projects, from all project designs, grow Jatroghadthat is in
some waydegraded; somgrow 100 % on degraded land, some only partially. Due to
the degree of degradation this lamabloften notbeenin use for several years or used
for grazing. When the lants not usable for food or cash crop production, the
cultivation of Jatropha on thiland can increase food security by generating income
for plantation employees or outgrowers, or by restoring the land for later cultivation
of food crops. In addition, one plantation project reported theid beerpossible to
increase the number ofaging cattle since the cultivation of Jatropha because the soil
benefits from the cultivatigrandthat as a resujpasture and weed grow better than
before. However, although it is assumed that Jatropha cultivated on masginal
degraded lanchas no diretcimpact on/ does not constitute/pose a risk ffwod
security, one should not forget that food crops could still compete with Jatropha in
terms of resource use for production (water, nutrients).

One outgrower project has targeted arable land for theuptiod of Jatropa. Even
though not degraded, 3086 the regioids land was not under agricultural cultivation

for several years. Thus, the revitalisation of arable land for agricultural purposes can
improve household food security through an improvemenh@®feconomic situation

of the households participating in the proje&tsimilar opinion was expressed by
most other projectdevelopersi.e. as long as the purchasing power of project
participants increases, be it as an outgrower farmer or a plantatmoyee, the food
security situation is perceived as improved or at least not threatened. However, no
project had undertaken a comprehensive impact assesssesquired under the

RSB standards.

Concerning specific measures undertaken to improve fooalise most outgrower
projects anda few plantation projects are already intercropping Jatropha with other
crops,e.g. black beans, corn, and forage, beans, soya and peanuts, spices like dill,
thyme and tarragon, castoean, soya, sesame, sunflower. Sameealsan a research
phaseg.g.for shadow adapted pepper, or are planning to either undertake research or
wait until more research has been conducted from whose results they can benefit.
Additional well performing intercropped crops can have two paseffectson food
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security. Firstly, i can contribute taliversification of cropgnd incomeand generate
additional income Secondly, dégraded land, if managed well, can be restored and
other crops (food or cash) can be grown again. Many projectsanedtthat one of

their goals is to grow also other crops once the land is restored. And some of the
above mentioned intercropping is successfully beimgloyedon marginal land.

Pure outgrower projects and those mixed with plantations work with -Soad!
farmers. Outgrower projects usually involve the training of the farmers for Jatropha
cultivation (cultivation and management). The knowledge gained within this training
can also be applied to the cultivation of other crops and thus increase theamatput
contribute to better food security

5.3.3.6 Additional socialmeasures

There are some measusployedby projecs which do not fall under any specific
social sustainability criteria. However, some amerth to be mentionindnere.One
project is organizing ducational lectures about gender equality for project
participants and interested inhabitants of the regimother outgrower project
explains the power of consumers and tries top increase the awareness of local
consumption.

5.3.4 Economicsustainability

In order to explore the obstacles Jatropha projects are facing to be economically
sustainable, projects developers were asked to name difficulties in reaching the
expected cultivation area, the expected yield and, were applicable the number of
outgrowers. Furtermore theywere asked to specify the reasofshedifficulties.

Most projectsof this studyhave projected aertain amount of hectarésat shouldo

be planted with Jatroptend manyreported problems with achievirthis target The

main reason wasigher investment costs than expected. For the outgrower projects
higher investment costs were due to higher transaction, dastading costsfor
communicating with and commuting to farmers which are very dispersetg the
project region. A project e¢obining plantation and outgrower complained about high
time and budget expenses for clearing land according to certain soil sustainability
criteria, i.e. not to plough the whole aremechanicallybut only the holes that are
needed for planting the seedlsmgAnother problena few projects were facing is that

one investment party left the project, leaving behind unpaid invoices or unsatisfied
expectations. Other projects noted that it was difficult to obtain credits since Jatropha
projects are not seen to beditworthy.

Furthermore, most project developers from all approachperted difficultiesin
achiewng the prospected average harvest per hectare. Among the reasons were
miscalculations based on yield figures which do not correspond to the conditions
the project. Outgrower projects noted that yield could have been higher if farmers had
gotten more support beyond the first year of cultivation. A plantation project started
the first year already with a very large plantation and noted that many psohlein
errors could have been avoided if they started with a smaller area and thertdzenefit
from the lessons learned for expanding the cultivated area. Also the soil fertility plays
a role and projects whose cultivated area is mostly on degraded or ah&agthneed

some lessons learned in order to manage thedfiacdtively.
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It appears to be beneficial that in an outgrower project the economiofritie
success of a proje shared among outgrower farmers, with each farmer still having
other cropgo live from, whereas a plantation project has to bear all risk itselfts
shareholders. However, what appears as reasonablghaskg, might be disastrous

for a single small famer, in case a project fails and a small famers has devoted
valuable &nd, labour and other inputs to Jatropha cultivation. Interestingly, it was a
project developer from a néor-profit organization who saw the risk from another
point of view. He noted that especially those projects dealing with outgrowers should
be very areful with a possible failure of the project since small scale farmers are
especially vulnerable to shocks. Furthermore, he said it might be irresponsible to
expose farmers to a risk of failure in view of the many unexplored issues around
Jatropha.

It also seemethat smaHscale or outgrower schemes camii@eprofitable when the
smallfarmers and theicultivated areaare closer together.ge. close to the processing
facility, so that logistics is facilitated. This has two advantages: (1) it reduce
transportation costs and (2) the fruit can be processed soon after harvesting which
prevents losses because fruits become soft already after few days (48 hours) and
cannot behulled as efficient as before. The advantage of a plantation is that (usually)
the cultivated area islose together and most times the processing facility is close by.
This reduces transaction costs and possiblelpasest losses due to longer distances

As theoutgrower projectgannot work without th@articipating farmers, it isgyt of

the business plan to project a certain number of farrfiéese farmershall cultivate

a certain amount of Jatropha plants or hect&es. outgrower projeceported thait

had difficultiesin finding the projectednumber of famers when the sois relatively

fertile and farmers could easily grow other crops.this casefarmers chose to
cultivate other crops because Jatropha is not yet well established as a cash crop and
they preferedto harvest a crop from which they know which price to ekgdacsome
areas the plant is not known very well which hinders farmers in believing that the
plant could yield any income for them. The experience from other outgrower projects
let this projecto think that it will be quite easy to find the efficient nlen of farmers

who would like to participate in that project.

There is no relationship between the extent to which a project uses degraded area and
the perceived success of the projects. There are othayfactors that play a role

Dealing with fluctuating dollar and oil price

With the fluctuating dollar and oil prices of the last years the economic viability of
Jatropha and other biofuels svguestionedSince biodiesel or pure oil from Jatropha
is a substitution product for conventional diesel oi,ftieey compete for the same
market and can only be successful when tesold at the samer a lowerprice.
When biofuels are more pgnsive than conventional fuelare not subsidized by
governments, or are not supported in another \eay. lflendingquotas it might be
difficult to sell biofuels.As long as the crude oil price is relatively high biofuels
seemed to be an environmental friendly and alsedowed alternative. With the fall

of oil prices and dollar value, the pressure of biofuel prejeot produce cost
effectively increasedSince this development might be a crucial factor for the
economic sustainability of the project, project developers were asked about their fear
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that this would affect them and which measures they are taking indedewith the
problem

Most project developers did not see the fluctuations dkreatto the project.In
particular, aitgrower project that are sponsored by some kind of development
oriented organisation weneot too worriedabout the issueEven if the biofuel or
Jatropha oil is not competitive now, most outgrower projects believe that
circumstances will change again ahdtoil pricesare likely to increase substantially

in the future However, alsooutgrower projectsleveloped some strategies cqpe

with the One project diversified the range of oils produced within the project,
introducing castor bean for intercropping because the prices of edible vegetable oil do
not vary so much with the fluctuating dollar. This gives some better-temg
secuity for the budget

Some plantation projects have increased their interest in obtaining carbon credits and
put some additional effort in investigating their chances to obtain them. Other
plantation projects are getting in touch with other projects arel tgishnicaldvice

in order to get some additional income. Another plantation project has arranged ad
referendum contrastwith buyers.In such contractgrices are oriented according to

the price of fossil fuels at pump (not international oil prices).

In some countrieghecurrency is very stable so that they do Inate torely so much

on the dollar €.g.in Peru). Therefore, the project developefshe Peruvian projects

were not worried about the current fluctuations. However, this might change wh
they have reached a stage at which they export the fuel and have to trade in other
currencies.

Other projects said that the oil price might decrease on the international market but
where their projects are located the prices will be much higher B=t#is countries

are retimporter of fossil fuelProjecs located in more remote areafien face high

fuel prices at pump due the long way of procurement. Project developers believe
that fuel produced locally from Jatropha can therefore competefogsil fuel, also
becausein remote areadossil fuels are not always availablln addition, many
project developers from either type of project said that several products can be
produced from the plant. That means that ebenproduction of biodiesel shld not

be profitable there are many other products that can be produced from the fruits or
from the plant, like fertilizer, or other extracts that can be used for medicine etc..

5.4 Summary to the research on sustainability oflifferent approaches

This setion summarizes the findings frormomparing outgrower projects and
plantation projects in the sustainability dimensions: environmental, social and
economic sustainability.

For a summarized viewf the sustainability areafirst of all, it has to be higighted

that the main objective pursued by the different approaches and the gfroup
stakeholdershe projects are targeting, are differeBtre outgrower projects pursue
rather rural development, compared to pure plantation projects which are more
interested inprofit. Simultaneously, outgrower projects want to improve the situation
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of small commercial and subsistence farmeech planting a small fraction of their
land with Jatrophawhereas plantation projects target laogmnectedareas of land
anddecide in favour of their shareholders. Projects that mix the approachlessare
strong in their positionwith regard to defining a concreti@ged. However, regardless
of the project approach, within most projects thterviewed project developers had
the feeling that th&arget group did not yet benefit from the project.

Environmental sustainability considerations

All projects try to make maximum use of the environmefaaturesthat Jatropha
offers, which is not only beneficial for the environmbunt alscadvantageousom an
economic point of view. These environmerfedturesare very much related to good
agricultural practices. However, it is expstthat outgrower projects have smaller
negative effect on biodiversity and the ecosystem dudn@osialler scale of the
individually planted areas.

Projects from thethree production approaches have a substantial amount of their
plantation on marginal land. The share of margimaldegradedand use of the
individual projects ranges from 10% to 100P#0ojects also make efforts to reduce the
impact of the use of fertilizers on emissiorsy. by using bieagents and residues
from Jatropha cultivation and processimgyich is beneficial forthe soil and water
quality. A calculation of the actual emiees was planned to a greater extent by
plantation projectsdriven by the prospect of obtaining carbon credits ahds
earning additional revenue.

No clear statement can be made about the impact on air quality, ecosystems and
biodiversity. Although none of the projects is located in HCV areas, large
monoculture plantations and certain management practices can still be a threat to
biodiversity and ecosystemdowever, this impact always has to be investigated on a
case by case basis.

Concerning the usd avater, there are projects in #tireecategories that irrigate their
plantings. Due to the size of the plantations one might assume that the impacts on
water reservoirs might be higher, especially when plantation projects make use of
irrigation. Howevey plantation projects try to minimize the effect on water reservoirs
by harvesting rainwater and calculating the exact amount of water based on the
evapotranspiration of the plaridue to the structure of outgrower projects this would

be rather complicatefdr outgrower farmers.

Socialsustainability considerations

On a whole there are more so@conomicbenefitsfor local people from outgrower
projects because the money generated along the production chain stays (partially)
with them when the outgrowgralso own the processing facilignd the income
depends on the yieldn contrast plantation projects indeed provide agricultural
employment but the impacin the labour markes not necessarily additional. When

the plantation replaces other crops vilib same labour intensity, there is only a shift

in the crop. Furthermore, the value added along the processing chain goes to the
company not to the small farmers.
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In outgrower projectshe problem of displacement and disputes about access to land
is reduced because farmers cultivate on their own larfeurthermore, more
stakeholdersre involved in crucial decisioref the project Plantation projectslso

try to cooperate with local people and NGOs but the extent to vetadteholdersan

really influerce the projects is loweEurthermore, outgrowers can benefit from the
training theyreceive in agricultural practices and managemeithin outgrower
projects andhey can apply the knowledge gained also for other cragslitionally,
outgrower projed offer social measures that do not fall under any sustainability
criteria set but may contribute to a social improvement of the re@an,the
promotion of local consumption and awarenessing programmes for gender equity.

A critical issue is child lbour. For plantation projects it is relatively easy to control
employees and set age limits, whereas outgrower projects cannot simply forbid child
labour withinthefamily farmsof their outgrowers

Economicsustainability considerations

From an economicsustainability perspective both pure approachkave their
advantages and disadvantages. Both approaeuesre some investment and their
amount depends on thend rental marketand the agricultural input markets of the
specific country. On the one hgnoutgrower schemes require investment for input
material and training of the outgrower farmers but no large investment on land
procurement has to be undertaken because the cultivation is done on the outgrower
farmeis land.This is an advantage for theopgcts as a whole and for the individual
farmer who hago makeonly a small initial investment. However, the outgrower
approach needs significant extension efforts which can be time and investment
intensive One the other hand, plantation projeatgght involve large investment

costs for the land, labo@and inputs but do not have to spend money for training the
outgrower farmers during the subsequent years, possibly saving large amounts of
transaction costand revenue reductions from pdsirvest losseby avoiding large
distances between dispersed farmirsaa mixed project approach these two extremes
arebe more balanced.

What can be seen negatively from a social point of view mighiebeficialfrom an
economic one: plantation projects hawere flexibility to take strategic decisions for
the profit of the company. Transaction costs are therefore lowglaimtationprojects
and it is very likely that plantation projects produce more Jatropha biofuahjtesf
landanddo thismore efficiently fran a financialperspective

Additionally, the economic rislof failure of a projectis shared among outgrower
farmers, whereas plantation project has to bear all rialone. However, what
appears as reasonable rslaring, might beuinousfor a singlesmall famer,in case

a project fails and a small famdras devoted valuable land, labour and other inputs to
Jatropha cultivationTherefore, outgrower projects have to be designed in a way that
the risks for outgrower farmers are minimized

A common poblem among most projects are enthusiastic yield and thus budget
projections that are based on experiences which do not correspond to the conditions of
the project. This does not onlgsult in financial difficulties if return on investment

are expected i not gained, italso digouragesfarmers participating in outgrower
schemes to put continuous effotadatropha cultivation.
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PART 3

6 IMPLICATIONS OF EU BIOFUEL POLICY FOR (SMALL -SCALE)
JATROPHA PROJECTS IN CENTRAL AND SOUTH AMERICA

Although a few project developerslid closely follow the political decisions taken in
the EU, none of the project developers felt that their project was affected by EU
policy yet, excepfor some enthusiasm that was noticeable within the sector. So far
they did not see angositive impacts on their projects like increased sales or higher
demand and enquiries from Etduntries nor negative impacts for the projects like
higher land prices. However, some made the EU biofuel policy (among others)
responsible for the contributicof higher food prices in their countries (but tisisiot
directly linked to the scope of therojects).

Most projects working with outgrower farmers do not plan to export their Jatropha oil
to other countries, including the Elexcept when there isxeess productian
Therefore, they do not see themselves being affected by the introduction of
sustainability criteria in the EUNeverthelesshe 10% biofuel target for transport
fuels might have indirect effects on projects and people in Central and Auetita
through the agricultural market mechanisthat lead to more resource competition
and thus higher prices for land and possibly also higher prices for agricultural inputs.
Central America is not land abundant and some countries in the region hiatena

as net 6od importers. These countriepuld therefore be affected negatively by
higher food and land prices.

In case projectyoth outgrowers and plantations projeasport Jatropha oil or fuel

to the EU, manyof the Jatropha projects coulibnefit from the location of their
cultivated areon degraded land. If it meets the definition of degraded land in the
RED, they could benefit from the default bonus in the GHG calculation, even though
other LCA features might suggekiwer emissions redutions €.g. through high
fertilizer use). However, when talking about projects that cultivate on degraded or
marginal land in this study, it is based on the judgement of project developers and not
on internationally established definition. Thus, not albjgcts or all areas might
correspond to the definition to be set out by the Commissite. definition of
degraded and contaminated land is expected to be publ&yahing of 201Gand
similar to the application for carbon creditg, might be problemat to include
different dispersed pieces of land and get an accreditation for cultivation of degraded
land for a whole outgrower proje@nother problem might arise when the definition

of highly biodiverse grasslantbmpriseareas that are considered maag land and

as such cultivated with Jatrophkatropha biodiesel produced from these sites might
not be accountable to the 10% renewable energy target in transport energy.

The substantialwork involved in including the cultivationby many different and
dispersedfarmers might also be an obstacle to getting projects certified under a
voluntary schemeavhich, until Jatropha default values are included in the RED, will
be the only way that Jatropha biofuel can count towards the 10% tatpettdd and
thusobtain the attached benefits.
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When looking at the size of projects, be it plantation, outgrower or a mixed approach,
it is apparent that bigger projects (in terms of area cultivated with Jatropha) see a
greater possibility to invest in certification ambssible additional sustainability
measures that have to be taken. However, this decision very much depethes
financing party of the project and thus the available budget for an investment that
certification might involve.

This analysis shows thander theunder the current EU policy agenda small Jatropha
projects have a disadvantage compared to bigger Jatropha projectharuofuel
production for which a default valudreadyexist in the RED. Small projecfsssibly

will have to bear more castfor complying with sustainability criteria and the
certification process relative to their retufirhis might an obstacle for theim terms

of participaing in the European market and thus smaller projects, often involving
small and subsistence farmessautgrower farmersare unlikely tobenefit from EU
policy as a driver for biofuel market development

7 CONCLUSION

This studyhas atwofold objective:analysingwhether and how sustainability issues
aretaken into account iexisting Jatropha projects Central and South Americand
to explorehow Jatropha projects are affected by current EU energy policy

The fast development of the global biofuel market has eds®ed the interest in
growing Jatropha that appears to have the potential of beingtainsble feedstock
for biofuels. The results of this studyshow that there are many possibilities
consider ando improve the sustainability of Jatropha projectstsrenvironmental,
social and economic dimensioklany sustainabilityissuescommonly dscussedn

the sustainability debate of biofuels are part of the most comprehensive set of
sustainability criteria, the RSB standamhd are already considered by Jatropha
projects. Certainly, not all projects consider all sustainability issues but atheng
production modal that wereinvestigated there is at least one project that covers
almost all issues and serves as a good exaofblew to integratenanysustainability
issues into one project design

The main findingsvith regard to sustainabijittan be summarized as:

1 Project developers perceive sustainability criteria as very important but do not
have much knowledge about concrete sets of criteria (like RED or RSB) and
their applicationMoreover, sustainability criteria should not be too resue
because this would mean a disincentive for the development of the biofuel
sector.

1 The share otlegraded omarginal land use of the individual projects ranges
from 10% to 100%ef the cultivated area under the projects which, according to
literature,implieslower emissiongsubject to amount and type of fertiliagsg.

1 Especially plantation projects have a strong interest in obtaining carbon credits
for additional revenueDue to the dispersed location of outgrower farmgrs,
seems very difficult tmbtaincarbon credit$or outgrowerprojects;hence there
is lessmotivationfor applyingfor carbon credits

1 Many projects do not irrigate thetultivated areand of those who do, most
apply measures to prevent overuse of water/water depletignh@rvesting
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rainwater, using evapotranspiration for estimating the need for irrigation,
estimate amount and availability of groundwater).

1 All projects make use of plant (awghere appropriat@rocessing) residues in
order to improve soil qualitgr as an adtonal income

1 Many projects undertake research in how to use restored land for intercropping
with Jatropha in order to create additional income and contribute to food
security.

1 Outgrower projectinvolve stakeholders in the decistameking of the projds.
They also provide measures that go beyond sustainability criteria and contribute
to the development of the regioe,g. promoting local consumption and
awarenessaising programmes for gender equity.

When reading these resylifsneeds to be takentmaccount that the study is based on
datacollected through telephone interviews asalught from ten projects willing to
participate in the study

No currentdirect impact of EU energy policy can be derived from the reasltsone

of the participatingproject in this study has projected export to the EU in the near
future Strategic decisions are not driven by EU policy but rather by seeing what is
good for the development of the project in its regional cont&ttere could be
indirect impacts on landna agricultural input pricedut these are not investigated
within the scope of this study.

However,someprojectsconsiderexporing Jatropha oil or biodieséb Europein the
long run These projectsvere mostly plantationsyilling to take additional criteria
into account andhvestin additional sustainability measurds return,such projects
expect more sales opportunities from meeting sustainability criteria.

When export is considered, project planning for including a certain set of
sustainabily criteria is very difficult.One of the main strategic decisions in Jatropha
project planning is to what extend environmental and social goals should be
consideredThe RED does not include social criteria. Therefore, it is probably more
profitable to conply with sustainability criteria of the RED instead of a voluntary
scheme like the RSB/hich involves a clear set of social criteria in addition to the
environmental criteriaHowever the RED does not include default values for the
calculation of GHG emissions © Jatropha biodiesel production so farosBible
voluntary schemes under which Jatropha biodiesel could be centifeeder tocount
towards the EUs 10% target of renewable energy in transport have not firsalined
definitions of key terms, noare they accredited by the Commission to be meeting the
criteria of the RED yet.

The cultivation of Jatrophan arable or degrademhd contaminatethnd can bea
crucial factor when projects plan to produce for the European market in therlong

and th@ emissionhave to becalculated Jatropha projects might benefit from bonus
underthe RED for cultivation on degraded or contaminated land when the land meets
the definition of degraded or contaminated land that is expected to be published soon
However, Jatropha oil yields are highly variable and cultivation on degraded soils
might imply more variation and difficulties which hateebe takennto account.
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The analysis of the RED indicates that curr&u energy policy favous the
expansion of largscde plantationprojectscompared to smalicale or outgrower
projectsbecause economies of scale will make certain transaclilos certification
for meeting sustainability criteria mucsimpler Due to commercial pressure to
maximise yield &rgescale biduel production bears some more risks to rural
population and the environment than sksathle or outgrower biofuel projects.g.
land use conflicts or water pollution.

In addition, his research has shown that outgrower projects hewe measures in
their project desigrihat enablesociceconomic development of smaltale farmers
compared to plantation$f rural developmenis one of the goals that ti&J policy
(as stated bgommitting tothe MDGs) ward to fosterin developing countrieghen
thereis the need taconsider schemewhich show social and environmental-co
benefits likesuccessful smakcale and outgrower projecsd which argopular for
Jatropha cultivation

However, the declared goal of the Et¢newable energypolicy is to mitigae the
impact of energ consumption on climate changdoreover,many social factorsf
biofuel production, like abidingvith human and labour rights are out of reach for
Europearexecutive authoritiesStill, evenif social sustainability isnot includibk in
REDf or 0 pr a c tthes Buropeanreaeagy poficy could contribute to the
promotion of smatkcaleand outgrower projects byroviding apolicy framework
thatfacilitates the certification underoluntary schemeand thusfo be abled count
towards the 10% biofuel.

Many aspects of the sustainability criteria sets from the RED and RSB are expected to
be defined and clarified within the next month. Concurrently, Jatropha production will
develop and more projects will reach full production stadénis development will

offer new research opportunities and a good starting pointefgrtesting the
sustainability criteria on the different types of projects and investigating the strategies
on how projecs might deal with the different requiremerdasd difficulties arising

from complyingwith sustainability criteria.
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APPENDIX A

Directive on renewable energy Sustainability standards from the
Roundtable of Sustainable Biofuels
Mandatory Voluntary
Who has to Eco.nomic operators / 'reports on some|FProd (Feedstock  Producers), EProc
comply? environmental and social matter to be|(Feedstock Processors), BProd (Biofuel
* |delivered by the Commission Producer), BBlend (Biofuel Blender)
Article 17 (2): C3a: GHG emission shall be calculated via an
CO;, emission reduction shall be 35%, 50%|RSB-approved LCA, with system boundaries
from January 2017, and 60% from January|from land to tank (including CO,, N2O, CHa)
2018 (for installations where production|BBlend
started on or after 1 January 2017)
GHG (CO») _ _ _ _ C3[_): _For th_e assessment of lifecycle GHG
emission For |nstallat|on_s in operation on 2_3 January|emission, either RSB default_ or caICL_JIated
reduction 200_8 35% emission reduction applies from 1 vglues sha!l be used for the major steps in the
April 2013 biofuel chain, FProd, FProc, BProd, BBlend
GHG emissions shall be calculated according|C 3 ¢ : Bi of uel s6 * aiigation
to Article 19 shall be improved over time,
FProd, FProc, BProd, BBlend (small feedstock
producers exempted)
Article 17 (4): Concerning GHG emissions:
Biofuels and bioliquids shall not be made from|f  Direct land use change:
raw material obtained from land with high|Under C3a: GHG emissions from direct land
carbon stock , namely land that had one of the|use change and carbon sequestered in the soil
following statuses in January 2008: and plant matter shall be included, BBlend
1 Wetlands 9 Indirect land use change:
1  Continuously forested areas Under C3b: The RSB reserves the right to
! Land spanning more than one ha with|introduce more requirements for
trees higher than five m and a canopy|measurements as scientific consensus allows,
cover of between 10% and 30% including for instance calculations on indirect
land use change, FProd, FProc, BProd,
Article 17 (5): BBlend
Land use |Biofuels and bioliquids shall not be made from
change |land that was peatland in January 2008 Concerning Ecosystems and biodiversity:
Under C7a: HCV* areas, native ecosystems,
Article 19 (6): buffer zones, ecological corridors and public
Commission to report by 31 December 2010|and private biological conservation areas that
on the impact of ILUC and how to address|are not yet legally protected can only be
ILUC exploited for biofuel production as long as
conservation values are left undamaged, and
can in no case be converted to plantation,
farm or any other commercial land use after
the January 1, 2009. Earlier cut off dates for
conversion already established for mainstream
feedstock sustainability standards shall be
respected, FProd, FProc, BProd, BBlend
Article 19 (6): C8a: FProd shall implement a solil
For agricultural raw material from thejmanagement plan design to maintain or
Community the rules under the common|improve soil physical, chemical, and biological
Soil agricultural policy apply health (different requirements depending on
conservation/ size of FProd)
degradation |Article 19 (7):

Commission to report every two years (starting
2012) on national measures for soil protection
taken by third countries and Member States
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Ecosystems
and
Biodiversity

Article 17 (3):

Biofuels and bioliquids shall not be made from
raw material obtained from land with high
biodiversity value, namely land that had one of
the following statuses in or after January 2008:

1 Primary forest or wooded land

1 Areas designed for the protection of rare,
threatened or endangered ecosystems or
species

1  Highly biodiverse grasslands

Article 19 (7):

Commission to report every two years (starting
2012) whether third countries and Member
States ratified and implemented the
Carthagena Protocol on biosafety and the
Convention on International Trade in
Endangered Species of Wild Fauna and Flora

C7a: HCV* areas, native ecosystems, buffer
zones, ecological corridors and other public
and private biological conservation areas shall
be identified and protected

FProd, FProc, BProd, BBlend

C7b: Ecosystem functions and services shall
be maintained, FProd, FProc, BProd, BBlend

C7c: Buffer zones shall be protected, restored
or created, FProd, FProc, BProd, BBlend

C7d: Ecological corridors shall be protected,
restored or created to minimize fragmentation
of habitats, FProd, FProc, BProd, BBlend

C7e: Biofuel production shall not use crop
species considered invasive under local
conditions, FProd

Water

Article 19 (7):

Commission to report every two years (starting
2012) on national measures for water
protection taken by third countries and
Member States

C9a: Respect the existing water rights of local
and indigenous communities and water needs
for the long-term sustainability of ecosystems

C9b: Include a water management plan which
aims to use water efficiently and to maintain or
enhance the quality of the water resources
that are used for biofuel production

C9c: Not withdraw surface or groundwater
resources beyond replenishment capacities

C9d: Quality of the water resources that are
used for biofuel production shall be maintained
or enhanced

For all: FProd, FProc, BProd

Air

Article 19 (7):

Commission to report every two years (starting
2012) report national measures for air
protection taken on by third countries and
Member states.

C10a: Air pollution emission sources shall be
identified, and air pollution minimized

C10b: Avoid and, where possible, eliminate
open-air burning of residues, wastes or
byproducts. Good practices for contained
burning of residues, wastes or byproducts
shall be used to maintain emissions of air
pollutants below national and international
norms

For both: FProd, FProc, BProd, BBlend

Planning,
monitoring
and
continuous
improvement

C2a: Undertake an Environmental and Social
Impact Assessment to ensure sustainability

C2b: Free, Prior and Informed Consent (FPIC)
shall form the basis for the process to be
followed during all stakeholder consultation

C2c: Implement a business plan that reflects a
commitment to long-term viability

For all: FProd, FProc, BProd, BBlend

Human and
labour rights

Article 19 (7):

Commission to report every two years (starting
2012) whether Member States and third
countries of increased demand for biofuel
ratified and implemented the ratified and
implemented a number of Conventions of the
International Labour Organization (ILO):

1 Convention  concerning Forced  or

On t he whol e based
conventions and the UN Declaration on
Human Rights

Cda: Freedom of association, the right to
organise, and the right to bargain
FProd, FProc, BProd, BBlend
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Compulsory Labour (No 29),

Convention  concerning Freedom  of
Association and Protection of the Right to
Organise (No 87),

Convention concerning the Application of
the Principles of the Right to Organise and
Bargain Collectively (No 98),

Convention concerning Equal
Remuneration of Men and Women Workers
for Work of Equal Value (No 100),
Convention concerning the Abolition of
Forced Labour (No 105),

Convention concerning Discrimination in
Respect of Employment and Occupation
(No 111),

Convention concerning Minimum Age for
Admission to Employment (No 138),
Convention concerning the Prohibition and
Immediate Action for the Elimination of
Worst Forms of Child Labour (No 182).

C4b: No slave or forced labour
FProd, FProc, BProd, BBlend

C4C: No child labour (except family labour)
FProd, FProc, BProd, BBlend

C4d: No discrimination of any kind
FProd, FProc, BProd

C4e: Wages and working conditions should be
according to law and international conventions
(aim to be above poverty levels)

FProd, FProc, BProd, BBlend

C4f: Occupational safety and health for
workers and communities shall follow
internationally-recognised standards

FProd, FProc, BProd, BBlend

C4g: Operators shall ensure all 4er rights also
for labour contracted through third parties
FProd, FProc, BProd, BBlend

Rural and
social
development

Article 19 (7):

Commission to report every two years (starting
2012) on the impact on social sustainability in
the Community and in third countries of
increased demand for biofuel

In regions of poverty é

C5a: € ¢ioec®nonscostatus of local
stakeholders impacted by biofuel production
shall be improved

C5b: € speci al measu
encourage the participation of women, youth,
indigenous communities and the vulnerable in
shall be designed and implemented

For both: FProd, FProc, BProd

Food security

Article 19 (7):

Commission to report every two years (starting
2012) on the availability of foodstuffs at
affordable prices, especially for people living in
developing countries and wider development
issues

In food insecure
C 6a: € biofuel prody
to food security and shall mitigate any
negative impacts that result from biofuel
production

C 6b:

food security

regi

€ biofuel produ

For both: FProd (when growing energy only
crops), FProc (when in the same region as the
feedstock producer and processing energy
only crops), BProd (when in the same region
as producer or processor)

Land rights

Article 19 (7):

Commission to report every two years (starting
2012) on land use rights in the Community and
in third countries

Cl2a: Existing land rights and land use rights
shall be assessed, documented, and
established. The right to use land for biofuel
production or processing of feedstock for
biofuel shall be established

C12b: Free, Prior, and Informed Consent shall
form the basis for all negotiated agreements
for any compensation, acquisition, or voluntary
relinquishment of rights by land users or
owners for biofuel production.

C12c: Biomass production shall ensure no
issues relating to use rights, land rights or
traditional rights including issues of equitable
compensation are pending

For all: FProd, FProc, BProd

Sources: E(EP, 2009; RSB, 20089.
* HCV areas (High Conservation Value area)
** CC (Climate Change),
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