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a b s t r a c t

This paper is the first of its kind, providing an identification of the problems encountered in all docu-
mented global experiences of cultivating the Jatropha curcas plant, covering 22 case studies. Influential
components of the biodiesel production (stakeholders like government, farmers and enterprises as well
as resources such as land and water) and how they are interconnected are pinpointed. In addition, the
article gives recommendations to the main actors under ecological and socio-economic criteria to ensure
a sustainable production of J. curcas oil in regions with appropriate climatic conditions for the plant's
viability. Hence, this analysis of experiences discusses the following questions: What are the reasons and
factors for the previous unsuccessful and unsustainable cultivation of J. curcas for producing biodiesel?
Can it be lucrative and simultaneously achieve poverty alleviation/job creation under the constraints of
efficient use of resources (land and water)?.

© 2016 Published by Elsevier Ltd.
1. Introduction

The production of biofuels has recently been grabbing the in-
terest of several countries worldwide, not only to cover their
increased energy demand domestically, but also for export. One
big concern, however, is the possibility of displacing edibles
production around the globe due to the cultivation of biofuel
crops. This position is based on the increased necessity to produce
edibles for the hungry human population worldwide. For
example, according to the most recent CFS report (Committee on
World Food Security) at FAO in 2012, about 870 million people
[are] chronically undernourished in 2010e12 [1] e The demand
for food production and the demand for biofuels are both
increasing annually as the worldwide population is also
increasing. Global food security will depend on accelerating the
rate of gain in crop yields and food production capacity on both
the local and global scales [2]. In addition, we face a global situ-
ation in which developed countries face the challenge of reducing
their greenhouse gas emissions and developing countries face the
challenge of creating jobs. At the same time there is the larger
global challenge of nature conservancy (the promotion of agri-
culture in marginal land, efficient use of water and land), which is
nowadays closely connected with the production of biofuels. In
over.de.
this way, it is a very controversial topic to decide the venture of
projects to cultivate biofuel crops worldwide. The new collective
challenge is the development of a sustainable production of bio-
fuels that does not have a negative effect on ecological, social and
economic planes. However, there are some countries, like Bolivia,
that need to quickly develop a strategy in order to reduce their
increased importation of diesel fuel (in 2014, aprox. 52.7% of its
diesel oil demand had to be imported [3]). There are countries all
over the world with similar cases of dependency on imported
diesel fuel, which are required to produce biodiesel as their
increased diesel fuel demands need to be met. At the time, the
interest in producing biodiesel is growing. It is expected that by
the year 2020, biodiesel will represent 20e22% of all on-road
diesel used in Brazil, Europe, China and India [4]. India was ex-
pected to meet 41.14% of its total demand of diesel with the pro-
duction of biodiesel by 2012, representing 288 metric tons of
biodiesel. But critique about the increased production of biodiesel
is ongoing, because edible oils like sunflower, soybean, and
rapeseed have been used. In this way, the cultivation of nonedible
oil plants could be an ideal option for the production of biodiesel,
because it does not compete directly with the cultivation of edi-
bles. In addition, the production of nonedible oils instead of
vegetable oils could reduce the cost of biodiesel and demand of
vegetable oils [4].

For all of the challenges described above, the production of
biodiesel from the Jatropha curcas plant can be considered as an

Delta:1_given name
mailto:castro-gonzales@umwelt.uni-hannover.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.energy.2016.06.073&domain=pdf
www.sciencedirect.com/science/journal/03605442
http://www.elsevier.com/locate/energy
http://dx.doi.org/10.1016/j.energy.2016.06.073
http://dx.doi.org/10.1016/j.energy.2016.06.073
http://dx.doi.org/10.1016/j.energy.2016.06.073


N.F. Castro Gonz�ales / Energy 112 (2016) 1245e12581246
optimal alternate feedstock. The oil from J. curcas has the appro-
priate qualities for use in the production of biodiesel, such as low
acidity, good oxidation stability in comparison e. g. to the oil from
soybean, lower viscosity than the oil from castor, and better cold
properties in comparison to palm oil [3]. J. curcas is a hardy toxic
small tree with high oil and protein content and with low demand
for water. Therefore, it can be planted to recuperate wasteland and
eroded soils. It can be used not only for biodiesel production (the oil
is potentially the most valuable end-product of J. curcas [5,6]), but
also for biogas, medical use, food for fish, or human food. The seeds
of J. curcas could be used by the food industry under conditions of
detoxification. Hence, the detoxified press cake could be used not
only for producing food for fish, but also for human consumption.
The use of detoxified J. curcas seeds as human or fish food is one of
the several possibilities for the use of J. curcas. It is not the main use
of the plant, in contrast to the use for producing biodiesel due to its
high oil content or for recovering land due to its high content of
protein among other qualities. For this reason, the cultivation from
J. curcas has no direct competition with the cultivation of edibles.
The use of press cake (as waste after oil extraction) could be a
byproduct from the production of biodiesel to feed fish (after pre-
vious detoxification) and could be also used as an organic fertilizer,
for soap-making, candle-making, honey making, for agricultural
use (as a fertilizer, biopesticide, insecticide, fungicide, for land re-
covery, live hedge to protect agricultural cropland), and firewood
among others [3]. J. curcas offers further uses in the field of
renewable energies as energy source (the next sectionwill be about
its potential as energy source).

Until now, the cultivation of J. curcas for biodiesel production
was carried out in China, Mali, Cambodia, Indonesia, Thailand,
Brazil, Nicaragua, Costa Rica, Belize, El Salvador, Guatemala,
Honduras, Mexico, Egypt, Tanzania, Ghana and India, and certainly
other countries could be added to the list. However, the results of
the projects have not been satisfactory, although J. curcas is a
special versatile oil plant. This article therefore analyzes the main
problems identified (economic, environmental and social conflicts)
in the global experiences of biodiesel production from J. curcas
seeds. The main influential components and actors for a sustain-
able biodiesel production from J. curcas will be identified. In
addition, recommendations will be given for a sustainable pro-
duction of biodiesel (under ecological, social and economic
criteria) in order to attain an optimal use of water, land and other
resources.

The following three articles were published in this journal
related to the topic of this paper: Gui & Bhatia wrote about the
feasibility of other feedstock for producing biodiesel, particularly
waste edible oil. It is presented as a good alternative to produce
biodiesel vs. edible and non-edible oils to meet in part the global
increasing biodiesel demand: A large part of the global biodiesel
(more than 95%) is produced from edible oil. It is easily available
from the feedstock from large scale agricultural industry [7]. In
conjunction with this, the cultivation of J. curcas as energy crop is
gaining interest due to its characteristics worldwide, but along the
process chain of biodiesel, the fuel properties of J. curcas biodiesel
and its storage for the feasibility of a sustainable biodiesel pro-
duction play an important role. For example, both J. curcas and
Pongamia biodiesels can improve remarkably the cloud and pour
points of Palm biodiesel. According to Sarin et al., to improve the
poor biodiesel low temperature flow properties, blending over two
biodiesels is an effective method than can also minimize the use of
edibles oils [8]. According to another publication from Sarin et al.,
the stability of biodiesel is very critical (e.g. biodiesel from J. curcas)
and biodiesel requires antioxidant to meet storage requirements
and to ensure fuel quality at all points along the distribution chain
[9].
2. Jatropha curcas as an energy source

The oil plant J. curcas is one of the energy crops that have a big
potential as an energy source. The fruits production of the J. curcas
plant could start from the second year of planting, but in limited
quantity. From the 5th year onwards, a tree of J. curcas can produce
4e5 kg of fruits if the plants are properly managed. In rain-fed
conditions and in wasteland, the yielding of a J. curcas plant can
be only 1e1.25 kg of seeds. J. curcas can produce fruits up to 40e50
years from the day of plantation [10]. In particular, J. curcas is
recently gaining more popularity as an energy plant by extracting
oil from its seeds to produce biodiesel due to its good qualities for
the use in engines. An experimental study inMali was conducted to
evaluate fuel conversion efficiency and emissions with direct and
indirect fuel injection of oil from different plants into an engine.
The oil from J. curcas had the lowest emissions of the oils tested.
Another study in Thailand showed that engines functioned with
J. curcas oil with satisfactory efficiency [3].

In principle, J. curcas oil can be directly used in diesel engines
[11]. A further study relating to the quality of biodiesel from J. curcas
seeds was conducted by the Indian Institute SPRERI (Sardar Patel
Renewable Energy Research Institute). It concluded that a diesel
engine is able to run adequately without any change in engine
components when blending up to 10% of de-waxed and de-
gummed J. curcas oil directly (without preheating) with diesel
[10]. The possibility to blend de-waxed de-gummed J. curcas oil
with diesel was also determined. The ratio for this blending could
be up to 50:50. But if the blending was more in proportion than
20:80, a preheating of the mixture was required at 60 �C to reduce
the viscosity [10]. Further conclusions from the study showed that
biodiesel from J. curcas oil not only could be blended with diesel in
any proportion or could be used as pure biodiesel (100%) success-
fully in a C I engine without any problem, but also offered higher
brake thermal efficiency than blended de-waxed de-gummed
J. curcas oil or even diesel [10].

For all these reasons, J. curcas sparks interest in biodiesel pro-
duction not only for public land transport, but even also for the
aviation industry. For instance, the German Aerospace Center in
Stuttgart is developing in close coordination with the German
airline company Lufthansa the production of synthesized fuel from
carbon, natural gas and biomass to replace kerosene used by the
aviation industry. The project intends to use neither forest nor
farmland for biofuel production, but rather those plants that can be
cultivated in infertile soils or wasteland in order not to create
competition with edibles production. The feedstock for the pro-
duction of the new fuel has been considered from algae (producing
the largest amount of biomass in the smallest area), halophytes
(plants adapted to living in a saline environment) and J. curcas. The
main goal of the study is to achieve a sustainable production of
biofuels for airplanes; in addition, it is expected that half of all
aviation fuel could come from biological sources by 2040 [12].
Another similar case is underway under the auspices of the
Mexican Federal Government. It has an ambitious strategy for the
promotion and development of sustainable aviation biofuels. Oil
from J. curcas seeds is the feedstock for the production of a first
batch of BioSPK/Jet A-1 blend. It is a HEFA (Hydroprocessed Esters
and Fatty Acids) type fuel. Indeed, the crude J. curcas oil was pro-
cessed to. In Mexico, J. curcas biodiesel is used not only for the
aviation industry, but also for public transport and private auto-
mobiles [13]. England, British Petroleum (BP) will work together
exclusively on the development of J. curcas as a sustainable energy
crop, including growing and processing the plant, as well as lo-
gistics. BP and D1 Oils intended to invest about $160 million during
the project over five years [14]. The press cake (remaining product
after the oil extraction), the shells and fruit husks of the J. curcas



Table 1
Physical and thermal properties of J. curcas seed husk and shell compared to biomass briquettes e Adapted from Ref. [15].

Parameters Biomass briquettes Jatropha shell Jatropha seed husk

Bulk density (kgm�3) 545 106.18 223.09
Angle of repose (1) 32.28 26.31 25.03
Moisture content (% wb) 12.50 12.35 10.75
Volatile matter (% db) 56.80 68.73 71.04
Ash content (% db) 08.77 14.88 3.97
Fixed carbon (% db) 21.93 16.38 24.99
Calorific value (kcal kg�1) 4130 3762 4044

Table 2
J. curcas as Energy source e Source: The author

Part of the plant Byproduct Mode of use Energy form

Complete Fruit Combustion [16] Biomass
Fruit Flesh Anaerobic fermentation [17] Biogas
Fruit Shell Was not specified [17] Biomass
Fruit Shell charcoal Combustion [16] Vegetable coal
Seed Oil Direct or by transesterification to Biodiesel [18] Biofuel
Seed Seed-cake Pressed seeds are burnt [17] Biomass
Seed Seed cake Anaerobic fermentation [17] Biogas
Seed Coat Combustion [17] Biomass
Kernel Combustion [16] Biomass
Branches Direct for the combustion [16] Biomass
Twig Direct for the combustion [16] Biomass
Trunk Direct for the combustion [16] Biomass
Trunk Wood charcoal Combustion [16] Vegetable coal
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fruit can be used as energy sources by making briquettes. Table 1
compares the physical and thermal properties between the seed
husk and shell and shell powder briquettes.

The entire J. curcas plant has a potential as energy source and it
can be suitable for the production of energy. Table 2 displays the
different parts of J. curcas and its byproducts to produce some en-
ergy forms.

As can be seen from Table 2, the fruits from J. curcas (shell, press
cake from the seeds, and coat) can be utilized as biomass. The flesh
of the fruit and press cake can be used to produce biogas by
anaerobic fermentation. Stems of the J. curcas tree can be used as
firewood [3].

Table 3 shows further relevant comparison between the physical
and chemical properties of Jatropha oil, Jatropha biodiesel, con-
ventional diesel and established biodiesel standards.

3. Experiences of Jatropha curcas cultivation

In fact, oil from the Jatropha plant was the feedstock to produce
biodiesel a long time ago. It was used to produce biodiesel in
Madagascar, Cape Verde and Benin during the Second World War
[20]. At present, the use and commercialization of J. curcas biodiesel
on a large scale is not yet a reality, although its production started
more than 30 years ago with the J. curcas projects of the Austrian
Table 3
Fuel properties of Jatropha biodiesel [19].

Property Unit JO JBD

Density at 15 �C kg m3 940 880
Viscosity at 15 �C mm2 s�1 24.5 4.8
Flash point C 225 135
Pour point C 4 2
Water content % 1.4 0.025
Ash content % 0.8 0.012
Carbon residue % 1 0.2
Acid value Mg KOH g�1 28 0.4
Calorific value MJ kg�1 38.65 39.23
Initiative in Central America (AEA Alianza en Energia y Ambiente
con Centro America) [21]. Austriawas the pioneer in the research to
produce biodiesel, technical compatibility of biodiesel with diesel
engines and standards for biodiesel [22].

At the end of the 1990s, countries in Central America started the
cultivation of J. curcas to produce biodiesel. The reasons for this
were mainly to cover their own diesel demand. By 2008, Jatropha
had already been planted globally on about 900,000 ha, over-
whelmingly (85%) in Asia, but also in Africa (13%) and Latin America
(2%). By 2015, J. curcas is expected to cover 12.8 million ha world-
wide [3].

The following paragraphs will give information about the
experimental studies of J. curcas and its cultivation around the
globe to identify the main problems resulting in the relative failure
of these experiences. The 22 cases of J. curcas cultivation cover,
according to the author's best knowledge, all existing experiences
with Jatropha cultivation.

Central America:

Nicaragua, supported by Austrian promotion, ventured a proj-
ect to cultivate J. curcas for the production of biodiesel on 1000 ha
between 1989 and 1999. The study was dedicated to the genetic
improvement of J. curcas not only to increase its yield, but also its
D Biodiesel standards

ASTM D 6751-02 DIN EN 14214

850 e 860e900
2.6 1.9-6.0 3.5e5.0
68 >130 >120
�20 e e

0.02 <0.03 <0.05
0.01 <0.02 <0.02
0.17 e <0.30
e <0.8 <0.50
42 e e
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vitality and the control of its diseases. During its experimental
cultivation, scientists observed its behavior in different soils and
climates, the utilization of methods for its reproduction, graft and
cutting. But the project was a failure, because the farms did not
have an interest in a successful project. There was not a shared risk
between farms and the investor. The goals and basic conditions of
the project were vague, and the distribution of the roles between
the participants was not explicit in the different phases of the
project. There was an absence of not only efficient direction, but
also prolonged technical advising and constant participation of the
stakeholders throughout the project [21].

After some time, the first venture was restarted in 2007 and on
only 30 of the 1000 ha. The oil was pressed by manual processing
for use in modified diesel-engines. This project was also not suc-
cessful. Then, a new project was promoted by Alianza en Energia y
Ambiente con Centroamerica. The project cultivated J. curcas on
40 ha for the production of oil and biodiesel. This time, the goal was
to use an unsuitable area for the cultivation of peanuts. Four phases
were established: 1) Elimination of obstacles by public institutions
to give options for renewable energy development in small scale; 2)
Promotion of the development of renewable energy and efficient
use of energy resources; 3) Development of programs of informa-
tion for the people who are interested in renewable energy; 4)
Promotion of sustainable experimental investigation in the area of
renewable energy and its efficient use. The project was not suc-
cessful because the promotion of the project was not adequate and
there was no mechanism for the exchange of information from
other experiences of J. curcas cultivation. In addition, there was a
deficiency in good technical advising. There was no sustainable
development plan for the different phases of the biodiesel pro-
duction and no market for the oil from J. curcas and its byproducts.
Information from the previous experiences was not considered.
There were no policies of the government to promote the pro-
duction of biodiesel from J. curcas despite the fact that the region
shows potential for J. curcas cultivation [21].

Another experience in relation to the cultivation of J. curcas for
the production of biodiesel was carried out in Belize. Belize owns
regions with infertile soils in which it can cultivate J. curcas on a
large scale. The biodiesel should be used in the region and be
exported to neighboring countries. Further goals were the recla-
mation of land, sustainable commercialization of the byproducts
from J. curcas and development of detoxification methods for the
press-cake. For the seed plot, the seeds of good quality were im-
ported from Cape Verde. The small plants of J. curcaswere growing
well, but the care (maintenance) of them was inappropriate (e.g.
excessive weed growth, no trimming). Thus, some small plants
could not grow because they had to compete for sunlight. Weeds
that had grown too high to trim overtook others. Certainly, the
plants were not suitable for the yield. The weak points of the
project were: The yield of the J. curcas plantation was not deter-
minate. In the humid tropics of Belize, rains are excessive and the
soils are clay and acidic. In the region, there is a high probability of
inundation. In Belize, there is not a big enough labor force to work
on the J. curcas plantations and therefore the labor is expensive.
There was not a final report about the project [21].

Further experience in producing biodiesel from J. curcas seeds
comes from Costa Rica in a project with a duration of two years, in
which J. curcas was cultivated on 40 ha. The biodiesel produced
should be used in the region and with it, the social-economic
development of the region should be promoted. In comparison
with other countries in Central America, the small farms of Costa
Rica had more experience with the agriculture and information.
They could devote more attention to the economic input and
output of the cultivation and therefore could administrate it better.
At the beginning of the project, local seeds were sown at
farmsteads, and the yields were not high. Subsequently, seeds of
the best quality were imported to sow and the yield was consid-
erably higher. However, the project was not successful because
there were financial and organizational problems [21].

Guatemala ventured a lot of small projects and cultivated
J. curcas on 70 ha in total. The majority of themwere designated to
extract oil for manual use and for the production of biodiesel. A
plant was installed to produce 600 L of biodiesel per day. One of the
projects was integrated with another project: the production of
tilapia. Indeed,15 ha of J. curcas plantations should be irrigatedwith
residual water from four tilapia reservoirs. This project was desig-
nated not only to produce biodiesel, but also to increase the yield
and reduce the cost of production [21].

Then, Guatemala carried out a big experimental project with
600 ha of J. curcas in 2004. The goal of the project was to use
products to achieve a uniform development and maturing of the
fruits and to introduce a mechanized harvest of the fruits for a high
yield. There was a permanent care (maintenance) of the J. curcas
plantations, but the yield of J. curcas was not estimated. It was
recommended not only to do studies on the genetic performance of
the plants in order to determine an optimal type of plant for high
yields and consequently profitable cultivation, but also to study the
market for J. curcas [21].

The Dominican Republic also cultivated J. curcas for the pro-
duction of biodiesel. Fifty ha of infertile soils were destined for the
cultivation. The yield of the fruits was not estimated. A further
project was undertaken in which J. curcas was grown on approxi-
mately 70 ha. The intention of the project was to promote local
development by using the products of J. curcas, and to produce
biodiesel for the export to neighboring countries which were
viewed as having a big potential as biodiesel importers. There were
seven projects located on the border with Haiti. Small plantations
were cultivated in infertile soils and workers came fromHaiti for its
maintenance. The yield of J. curcas was also not estimated [21].

In 2005, Honduras cultivated J. curcas on more than 1000 ha of
eroded soils to produce biodiesel. The climate of the region is
semiarid and the surface area flat. Due to the latter characteristic, a
drainage system was installed. Pellets were produced from press
cake and residue of dry fruit flesh. The yield was satisfactory; part of
it was used for the production of biodiesel, and the other part was
sold. The scientific information of the Nicaraguan experiences was
used [21].

In El Salvador, J. curcas was cultivated on approx. 90 ha to
extract oil for the production of biodiesel. Local seeds without
classification were used. It was mixed with maize and the maize
plants benefitted from the positive effect of J. curcas in improving
the soils. The care (maintenance) of the plantationswas not optimal
and the yield was not high. The farmers were not interested in
achieving the success of the project, because there was not a shared
risk between the investor and farmers. There was not a common
interest shared among the stakeholders in this project. The main
problemwas the scarce technical advice for the farmers. There was
no information about the yield [21].

In Cuba, J. curcas is well known and it is distributed throughout
the island of Cuba and the Isle of Youth. It is more concentrated in
the eastern provinces than in the central and western provinces.
The Cuban farmers used it as living fences and for artisanal soap,
and to produce glycerin [23]. A study was carried out in the Cuban
arid regions such as in the south costal part of Guantanamo prov-
ince to assess the quantitative and qualitative evaluation of J. curcas
components and byproducts of the biodiesel production such as the
fruits, shell, seed, oil, cake, fuel wood, and glycerol. In addition, its
physical and chemical properties were enhanced. According to the
study, J. curcas is a viable source for the production of biodiesel in
the chosen region for the project considered [24]. Another Cuban



N.F. Castro Gonz�ales / Energy 112 (2016) 1245e1258 1249
study explored the suitability of J. curcas oil in comparison to other
non-edible oil seeds (no competition with human food) for the
production of biodiesel and byproducts. Jatropha was identified as
the most promising energy crop for biodiesel production in Cuba
due to its high oil yield and its fatty acid composition of the oil, as
well as the high protein content of its press cake. Due to these
positive qualities, J. curcas is gaining popularity and interest as an
alternative fuel for sustainable transportation [25].

South America

In Argentina, a study was carried out to define the geographical
area where the economic production of J. curcas and other varieties
of it (Jatropha macrocarpa and Jatropha hieronymi) would be
possible without watering [26].

In Bolivia, the local government of Santa Cruz is carrying out a
pilot project for the production of biodiesel from native oil plants
such as macoror�o (Ricinus) and palms (cusi and totaí) including
J. curcas with approx. 1500 ha. The experimental project was
executed by the Center of Research for Tropical Agriculture (CIAT)
and it was scheduled to take five years from 2008 to 2012. The
research stations reside in tropic up to sub-tropic regions and the
area of the Gran Chaco in Santa Cruz (the Department of Santa Cruz
has the greatest amount of economic and agricultural activity). The
seeds, which have been used for the cultivation of J. curcas, have
Brazilian and Indonesian provenance. The development of the
plants does not show significant difference from each other. The oil
content of the Brazilian seeds (40%) was a little higher than of the
Indonesian seeds. The biodiesel from J. curcas is not yet produced
for commercial purposes [3], [27]. It was known, that South African
farmers cultivated J. curcas in the region of San Ignacio (Chiquitos)
in Santa Cruz, but after some time, the mentioned farmers left the
informal plantations [28].

In Brazil, a study was carried out to report the first global
assessment of the genetic diversity of cultivated J. curcas germ-
plasm [29]. J. curcas is being cultivated to produce biodiesel [30].

In Peru, theMinistry of the Environment (MINAMBeMinisterio
del Ambiente) has been promoting the production of biofuels and
has been regulating the cultivation of energy crops to avoid the
deforestation of the rainforest and to protect the agricultural areas
for the production of edibles and its water resources. In cooperation
with the German Development Service (Deutscher Entwicklungs-
dienst, DED), it is developing projects to produce vegetable oil from
sunflower and to use J. curcas directly as fuel (without trans-
formation to biodiesel) by public transport engines in Lima. As a
result of the project, not only will small farmers benefit, but also the
urban transportation sector, because the vegetable oil is cheaper
and more environmentally friendly [31]. In Peru, another project
has been developed in cooperation with the German institution
VWP (Vereinigte Werkst€atten für Pflanzen€oltechnologie) to pro-
duce biodiesel from J. curcas and other oil plants (sunflower and
colza) which are being cultivated on 100e1500 ha. As it is pro-
ducing energy by Gen Sets (10 and 500 kW el) and in the region of
the Amazonas, more than 100 villages can profit from it [32]. In
cooperationwith the German Agency for International Cooperation
(GTZ-Deutsche Gesellschaft für Internationale Zusammenarbeit), a
small project to cultivate J. curcas was started in 2007 [33].

North America:

In Chiapas, Mexico, the first plant was already constructed to
produce biodiesel from J. curcas, palm, and recollected vegetal oil
from restaurants and hotels. Biodiesel will be used not only for
private automobiles, but also for public transport. The latter blends
fossil diesel with 20% biodiesel [13]. J. curcas could be a good
alternative to produce biodiesel, but before that its genetics should
be improved in order to have more species of the plant that are
resistant against diseases and severe climatic conditions [17].

Africa:

The study analyzed the local impacts of biofuel feedstock plan-
tations for rural development in consideration of the background
and actual context of land use for agriculture on a large scale in
Ghana. In the case of the J. curcas plant, several foreign companies
have acquired large tracts of land across Africa. The Jatropha oil as
fuel in Africa, includingGhana,was promoted by non-governmental
organizations through community-level cultivation, as well as
processing and consumption. Although there is limited experience
for cultivating energy crops and their management at a commercial
scale, the cultivation of Jatropha increased [34].

In Kenya, projects also have assessed the yield of J. curcas. For
experimentation, J. curcaswas cultivated in three different forms: as
monoculture, as mixed cultivation, and as hedge. The most profit-
able casewas the cultivation as hedge. J. curcas shows basically a big
potential to produce biodiesel due to its general qualities (high oil
and protein content, survivability during dry season, no direct
competition with food production due to toxicity). Therefore, the
people who are venturing J. curcas projects, expect too much from
the performance of the plant to solve problems of energy supply, as
well as land reclamation and unemployment at the same time [35].

A recent study by the Oxford University, CSIR and UNU-IAS,
researched the intricate trade-offs associated with Jatropha pro-
duction in the vicinity of a large Jatropha plantation model in
Mozambique and a smallholder Jatropha project in Malawi. It
showed the positive and negative effects of J. curcas cultivation on
environmental and socio-economic aspects [36].

In Mali, J. curcas is being cultivated as live hedges to protect
gardens from animals and to reduce damage from wind and water
erosion. About 10,000 km (2007) of J. curcas hedges were planted
that have an expected growth rate of 2000 km per year, which
represents a potential of 1,700,000 L of oil per year. J. curcas and its
different uses are known among the population for such uses as
medical treatments and local soap production. Traditionally,
women work in J. curcas fields harvesting the seeds [37].

A research on GHG effects from land use change associated with
the introduction of large scale J. curcas cultivation on the African
MiomboWoodland ecosystem revealed the capacity of Jatropha for
helping sequester atmospheric carbon when it is grown on waste-
lands and in severely degraded ecosystems. Additionally, when
Jatropha is cultivated on tropical woodlands with medium-high
content of soil organic carbon as well as with substantial biomass,
it could induce substantial emissions from land use change and
could give rise to a carbon debt period of over 30 years [38].

In Mozambique, the government is creating a large policy
support for the production of biodiesel, and its goal is 5% biodiesel
of the fossil diesel market (20 million liters of biodiesel-demand)
[37]. In 2007, a pilot J. curcas-project started to be implemented
for local development. The intention was to investigate the feasi-
bility of enhancing local development so that local diesel engines
could be converted to run on pure J. curcas oil. Additionally, the oil
from J. curcas should be employed for soap making and lamp oil.
The result of the project was basically satisfactory, because the oil
production from J. curcas for local use can be technically viable; the
cultivation of J. curcas was socially acceptable and compatible with
the farming system. J. curcas seeds are being produced on a large
scale without requiring external input or changes to the local
farming systems; and oil from J. curcas could be suitable to run
converted diesel engines, resulting in a positive impact on the CO2
balance of the communities when the use of fossil fuel is reduced,
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among others [39].
In Nigeria, there is a particular interest to cultivate J. curcas for

the production of biodiesel because there is no possibility for
ethanol production from sugar cane and no high precipitation in
the region. Some information indicates that the price of biodiesel
could compete with the price of fossil diesel [37].

In Senegal, J. curcaswas cultivated in two regions with different
agro-ecological characteristics (Dagana: 250mm/year, twomonths'
rainy season, production under irrigation in a sandy soil and Dia-
lakoto: 900 mm/year, five months' rainy season, production in
rained conditions) to quantify its real yield potential and not only
the cost, but also returns for all the steps of the J. curcas chain value.
In addition, the selection and the multiplication of high yielding
ecotypes was adapted to the local growing conditions and devel-
oped the sustainable organizational models of local production
chains for small-scale J. curcas growers in order to allow them to
benefit fully from the potential of J. curcas. Another purpose of the
study was to research profitable outlets and marketing arrange-
ments for its products [40]. Technical and economic factors, among
others, play an important role for the performance by the entire
potential of J. curcas in connection to all the goals. The information
on its growing and management is poorly documented. Further-
more, the experience in marketing its products is small [40].

Other research on J. curcas was carried out in South Africa to
assess the water use and its impact on water resources. In 2007 it
was reported that J. curcas could be most successfully grown along
the Eastern Escarpment and most areas of the South African coast
and that the plant did nothave anegative impact on streamflow. But
J. curcas requires very intensive labor to harvest, and consequently
its cultivation could be not profitable. Although its water demand is
lowand it has drought resistance, rainfall determinates its yield. The
species of the plant, whichwere studied, had very limited resistance
to frost. During the study, a lackof information andknowledge about
J. curcas was found amongst stakeholders [41].

Tanzania has good reasons to invest in the production of biofuels,
because it has a high import-dependence on fossil fuels, and an un-
derdeveloped energy supply system (e. g. Tanzanian rural electricity
coverage is approximately no more than 4% at best). In addition, its
traditional sources of biomass fuel like charcoal and firewood are
becoming increasingly scarce and expensive [42]. Furthermore, it
possesses an abundance of arable land and labor and a stable political
climate [43]. However, the production of biofuels is not yet under
development, because there is no governmental promotion for it.
Strong activity to cultivate J. curcas for biodiesel production, however,
has been reported there, but it is still in its early phases and its future
is unclear. In point of fact, there are significant obstacles such as
structural, infrastructural and logistic problems, as well as technical
skills and knowledge gaps, limited local research infrastructure, in-
terests of powerful actors in the current energy regime, and cultural
barriers associated with traditional uses of J. curcas. In addition, the
toxicity of J. curcas generates psychological obstacles emanating from
its known poisonous characteristics. The price of J. curcas oil is
another disadvantage except in remote areas [43]. J. curcaswas being
cultivated on 17,600 ha in 2008, and the J. curcas area will probably
have been expanded to 166,000 ha by 2015 [43]. Environmental,
social and economic issues are the reasons to cultivate J. curcas in
Tanzania, because the plant could contribute to the mitigation of
global warming and reclamation of degraded tropical ecosystems. In
addition, its cultivation does not compete with food production and
could create reliable opportunities for boosting local livelihoods. Plus,
it promises a soundeconomicboost at themacro and localmicro level
[42]. Eighty percent of the cultivation of J. curcas is on private initia-
tives like foreign entrepreneurs and NGOs. There is contradictory
information about the yield of the plant and selling prices of its seeds.
Both are very influential factors in the profitability of the investment
projects. For example, the J. curcas seed accounts formore than75%of
the total cost of biodiesel. The selling options and methods of utili-
zation play an important role in the economic viability of producing
biodiesel from J. curcas. For instance, inTanzania J. curcas seeds, soap
and self-extracted oil are sold. The latterwill be used to substitute for
fossil diesel (e.g. in electricity generation) or for soap production
resulting in a return on labor above the baseline [43,44].

In fact, the J. curcas cultivation to produce biodiesel is seen by
the government not only as a way to reduce CO2 emissions, but also
to replace petrol-diesel and in consequence to lower diesel con-
sumption to avoid over-dependence on imported diesel. For the
first project phase, 21,000 small plants of J. curcaswill be cultivated
on 10,000 ha of different areas of the project land, and for the
second phase, the project will consider not only the installation of
oil presses, but also low cost biodiesel processing plants, operating
the plants and selling biodiesel [37,44].

In Togo, the private sector has specific interest in producing
biodiesel from J. curcas seeds, and its lower price (5%) in compari-
son to the price of fossil diesel makes it competitive [45].

Since 1940, J. curcas has been cultivated in Zimbabwe by small-
scale farmers in marginal areas. Its production was for producing
glycerin and soap in rural communities. Currently, the oil from
J. curcas is employed as lubricant for lighting, farm equipment and
machinery, as well as in medicine and veterinary medicine in rural
communities. J. curcas oil could be used to soften hides for making
ropes and whips. J. curcas oil replaces tallow which is expensive.
The plant is used for conservation and land reclamation, as well as
live fence to protect crops in gardens and irrigated areas from
damage from livestock [46].

In the 1970s and 1980s, J. curcas cultivation was intensified with
2000ha (in1997). The Jatrophaplantwasevennamedthe “Plantof the
Year” in2005by theForestryCommission (stakeholderof theMinistry
of Energy) due to the strong cultivation and popularity between 2004
and 2006 as a consequence of the Zimbabwean government's pro-
motion for cultivating the plant. Consequently, the National Oil
Company of Zimbabwe (NOCZIM) arranged to plant 120,000 ha of
Jatropha by 2010 through contracting willing farmers. Currently,
different institutions such the Scientific and Industrial Research and
Development Centre (SIRDC), Masvingo and Harare Polytechnic Col-
leges, the National Oil Company of Zimbabwe (NOCZIM) and Envi-
ronment Africa initiated research for Jatropha curcasbiodiesel oil [46].

Due to the fuel crisis over the last decade, Zimbabwe was
interested in producing biodiesel to meet in part its fossil fuel de-
mand. However, political pressure and a poor macro-economic
environment drove the project. Although, J. curcas has potential
especially as feedstock for biodiesel production, its cultivation is
limited by lack of a clear government policy, unfavorable selling
prices and unavailable technical agronomic information (informa-
tion on J. curcas should be available not only in English, but also in
vernacular languages) [46].

Asia:

China has to meet in part not only its increasing fossil fuel de-
mand, but also has to reduce its increasing GHG-emissions.
Therefore, the J. curcas plant is taken into consideration, due to
qualities as energy crop for producing high quality biodiesel, as well
as its potential as energy source, ecological attributes (reclaim
eroded land and other poor soils), and biomedical use. At the same
time, the use of this energy crop has positive consequences for the
environment and rural socio-economies. Several studies focused on
different ecotypes, improvements of seed quality, and plantation
techniques of J. curcas for its sustainable use. The Jatropha curcas
origin in China is unknown, but it is reported that J. curcas has been
grown in China for more than 300 years. J. curcas is even in the
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Dictionary of Medical Plants in China [47].
The Indian government considered in the document “India

Vision 2020” the production of biodiesel from J. curcas on a large
scale (10 million ha of wasteland) and stated the objective to
replace 20% of diesel consumption by 2011e2012 and the genera-
tion of year-round employment for 5 million people [48]. India
conducted the largest J. curcas project worldwide. In a period of five
years (2003e2007), it cultivated the energy crop on 400,000 ha
[3,48]. With the partial or full cultivation of J. curcas, India aims to
recuperate 40e64 million ha of wasteland areas [4,43], and with it
to produce 19.4e31.1 million t biodiesel from J. curcas.

The circumstances in India for promoting sustainable trans-
portation could be based on population growth (over a billion
people), increasing GHG-emissions, spread of land degradation,
exigency to develop vehicle technologies, as well as the necessity to
cover its increased crude oil demand [48]. For instance, the Indian
diesel demand for the transport sector was about 38 million tons of
petroleum products in 2007, and this consumption is estimated to
double by 2030 [43].

Another Indian study explored the agronomic and economic
viability and livelihood impacts of J. curcas from the individual
farmer's perspective. Its cultivation has different impacts, which led
to conflicts in particular with farmers such as households, land-
holding, water access for irrigation, and livelihood impacts among
others. On the one hand, the farmers had a big expectation of
Jatropha production and the returns came only after more than 3
years of gestation period. On the other hand, the potential viability
of Jatropha is strongly determined by water access. Therefore,
J. curcas cultivation is not considered currently viable. In addition,
the reality of poverty in India is more complex and there are several
social problems. J. curcas cannot be a solution for all of them [49].

Given these conditions, it was recommended to develop J. curcas
at farm level as well as the economic performance for smallholders
(e.g. need for long-term credit) [49].

The result of another Indian study on the role of biotechnological
tools in the genetic improvement of Jatropha emphasized the neces-
sity to enhance and stabilize Jatropha productivity in various pro-
duction systems and to improve the quality of oil and seed meal for
diversified utilization. There is great scope for genetic improvement
through conventional methods (induced mutations, interspecific
hybridization and genetic transformation), as well as in vitro tech-
niques adopting biotechnological tools. For the research, trees from
different regions in Indiawere takenwith different aged plants (3e20
years) and propagated through seeds or vegetative cuttings [50].

In the year 2007, a study in a laboratory was carried out in a
Pakistani University (University of Agriculture, Faisalabad-UAF) to
ascertain whether the seeds from J. curcas were suitable as feed-
stock for producing biodiesel. The seeds of J. curcas were harvested
at the botanical garden at UAF. The results showed that the char-
acteristics of the obtained biodiesel from J. curcas were in good
agreement with ASTM D 6751(American Society for Testing and
Materials) and EN 1424 (the European standard specification)
specifications. In addition, it was concluded that the J. curcas plant
could grow in Pakistan with success for producing biodiesel on a
large scale [51].

Further countries like Columbia in South America; Thailand,
Cambodia, and Indonesia in Asia; England in Europe; Ghana, and
Egypt in Africa, among others, are carrying out studies of J. curcas as
an energy crop.

3.1. Assessment of the identified obstacles or problems by
cultivation of Jatropha curcas

In consideration of the set of circumstances described above, up
to now, there is no clearly successful cultivation of J. curcas to
produce biodiesel, which is sustainable in practice (environmen-
tally, socially and economically).

For instance, concepts of sustainability along the chain of bio-
diesel production from J. curcas oil play an important role for its
feasibility. In this way, J. curcas should, for instance, be cultivated on
unfertile soils or degraded lands, where foodstuffs or edible crops
cannot be planted [52].

Many countries have carried out numerous pilot projects for
J. curcas and its cultivation for the production of biodiesel. The
projects were unsuccessful for different reasons, which were
identified in the previous section and will be assessed in this
section.

3.1.1. Identification of problems in J. curcas projects
The cultivation of J. curcas plants was promoted in Central

America since 1989, mainly for producing biodiesel and for
reclaiming land. The lack of success and sustainability of the pro-
jects was the result of lack of energy policies for promotion and
regulation to produce J. curcas biodiesel and social economic fail-
ures in the countries. For instance, the Costa Rican experience was
only of a short duration and had organizational problems although
the J. curcas plants had a good yield and the farmers obtained a
good balance of INPUT and OUTPUT for the yield. Lack of technical
information, no transfer of past experiences, and lack of technical
management of J. curcas constitute other failures as it was the case
in the Guatemalan, as well as Dominican Republican experiences,
among others. Other conflicts were the inexplicit goals for the
projects and lack of common interest of farmers and promoters like
at the Nicaraguan and El Salvador projects. Adequate climatic
conditions also play an important role for the success of J. curcas
cultivation. Excessive rain, humidity and loam soils are not favor-
able for J. curcas cultivation (Belizen experience). At the same time,
some projects achieve favorable social effects due to the cultivation
of the plant along with employment creation (Dominican Repub-
lic), as well as environmental effects such as soil improvements to
cultivate other edible crops (El Salvador). In the Cuban experience,
the research was focused on using J. curcas as a viable source to
produce biodiesel and its byproducts.

The J. curcas experiences in South America were carried out
mainly to produce biodiesel. Brazil, one of the biggest ethanol
producers worldwide, is executing research to identify the genetic
diversity of J. curcas. The Bolivian J. curcas experiences show failures
from the central government for promoting long-term projects and
to regulate biodiesel production on a large scale as well as its mark.
The technical information and conclusions of the projects are not
publicly available as consequence of its promotion through the
local government. In contrast, the production of biofuels is pro-
moted by the Peruvian Ministry of the Environment under envi-
ronmental considerations (e. g. protection of agricultural areas,
natural reserves and other sources) in cooperation with a German
organization (external organizations). Argentina was only looking
to determine geographical areas with scarce water for the cultiva-
tion of J. curcas.

In North America, the Mexican J. curcas projects are carried out
to produce biodiesel for private and public use. This included its use
for a sustainable aviation industry. But there is no further infor-
mation (e. g. explicit technical information, failures, as well as
success of the project, which actors are promoting the projects,
among others).

The J. curcas experiences in Africa already started in 1940 as in
the case of Zimbabwe, where the cultivation of J. curcas was to
produce glycerin and soap in rural communities. Forty years later,
the cultivation from the plant was increased and in 2005, the
Zimbabwean government called it the “Plant of the year”. Currently,
the J. curcas oil is not only used as lubricant for farm equipment, but
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also for medicinal and veterinary use and in particular as feedstock
for biodiesel. But the prosperity of J. curcas biodiesel production
needs clear policies of the government, as well as regulation of
marketing (e. g. selling prices). J. curcas is gaining more popularity
in the African countries as energy source due to the necessity to
have independence from fossil fuels imports and as instrument to
reduce CO2 emissions. For instance, Tanzania has a high import-
dependence on fossil fuels. It has no food production conflicts
due to the availability of land, as well disposability of labor and
political stability, but there is no strong promotion of the govern-
ment to cultivate J. curcas.

The cultivation of J. curcas in Mali was addressed for a different
use of J. curcas (as hedge, making soap, among others). In addition,
it created employment. A notable failure was the absence of culti-
vating the plant for producing biodiesel on a large scale.

Some J. curcas projects in Africa are carried out for foreign
companies and non-governmental organizations through the
community-level, but the expectations from farmers and enter-
prises are too high: Solutions for problems of energy supply, as well
as land reclamation and unemployment at the same time. In
addition, the marketing for J. curcas biodiesel is very poor.

Typical failures in the cultivation of J. curcaswere lack of specific
technical information (Senegal), as well as no further studies to
produce biodiesel on a large scale (Kenya) or poor information on
J. curcas cultivation for producing biodiesel (Nigeria), as well as lack
of knowledge on specific production costs (Nigeria, Togo). A success
factor is the execution of experimental studies to assess the po-
tential yield of the J. curcas plant.

In Asia, China and India are venturing into J. curcas cultivation
for biodiesel production to face increasing energy demands and
pollution, as well as unemployment and land reclamation for food
production, among others (e. g. China has an irrigation conflict for
food production [53]). Since 2003 (until 2020), the Indian govern-
ment has been venturing the biggest project worldwide on J. curcas
cultivation (10 million ha of wasteland), for producing biodiesel
(replacing 20% of its fossil diesel demand), employment creation (5
million jobs). In the long-term, there are phases with smaller goals
for J. curcas cultivation, which are not completely achieved [54].
Unfortunately, there is an absence of accessible reports on the
failures of the project. Other J. curcas projects show social conflicts
with the farmers and households involved on landholding and
disposability of water for irrigation. The farmers have an enormous
expectation of J. curcas production, but the performance of the
plant is related to the watering. In addition, J. curcas cultivation also
has a connection with the complex Indian situation of poverty.

3.1.2. Analytical assessment of the identified conflicts in J. curcas
cultivation

The interest to cultivate J. curcas is not only for an alternative
energy source, but also for reclaiming land and the creation of
employment. The cultivation of J. curcas on a large scale to produce
biodiesel could have potential in countries with suitable climatic
conditions for the growth of the plant. However, the plant itself also
has several conditions and necessities to grow well, although it has
qualities such as its hardiness, low water demand, drought
endurance, high oil and protein content, low seed cost, easy
propagation, short gestation period, rapid growth, adaptation to
hard climatic conditions (hardiness), as well as to wide agro-
climatic conditions, ability to grow in eroded soils, different uses
of plant parts and its potential as energy source [55]. The perfor-
mance of J. curcas is depending on different factors like provenance,
type of soils, maintenance, and climatic conditions, among others.

From the identification of problems from J. curcas experiences
worldwide, the common conflicts can be summarized as the
following:
1. Short-term duration of projects.
2. Lack of detailed information on the production capacities of

J. curcas biodiesel, cost of production, as well information on
the statistics.

3. No basic technical information in particular on toxicity of the
plant for the farmers.

4. Insufficient availability of workers.
5. No management of J. curcas cultivation (no harvest data, no

balance between input and output).
6. Absence of reporting on the project.
7. Multiple goals for the projects (reclaiming eroded soils or

waste land, production of biodiesel on a large scale or on a
small scale, creation of employment).

8. No adequate promotion from the government.
9. No regulation of cultivation of J. curcas as energy crop.

10. No regulation of biodiesel production from J. curcas oil.
11. No market for biodiesel from J. curcas and its byproducts.

The conflicts of J. curcas experiences started with the duration of
the projects (e. g. the projects were of a short duration in Central
America). A review on biodiesel production from J. curcas in year
2010, pointed out not only the qualities of J. curcas as energy crop,
but also some recommendations such as the need to conduct
research on the life cycle assessment (LCA) for producing J. curcas
biodiesel on a small, as well as large scale in countries by cultivating
it under suboptimal and marginal conditions. There also is the ne-
cessity to investigate its oil yield production particularly at the large
scale, its low nutrient requirements and low water use, among
others [7]. The Central American projects also showed conflictswith
the experience of social and technical problems like insufficient
availability of workers to care for the J. curcas plantations. Other
critical problems of J. curcas projects in Central America were the
deficient control of the yield of the plants (no harvest data, no bal-
ancebetween input andoutput), and the absence of reportingon the
project. Reporting plays an important role in ensuring positive re-
sults for new projects. It can be used to document and share expe-
riences for the transfer of the positive or negative know-how of the
J. curcas cultivation in order to assure better results for newprojects.
In reference to the mentioned experiences, which were not pros-
perous despite the Austrian financing, it was analyzed that the
intention of this Jatropha project should focus on the other uses of
the plant, i.e. to reclaim surface or to cultivate with other plants as
combination cultivation with biodiesel as a byproduct [31].

The multiple goals of the J. curcas cultivation for reclaiming soils,
biodiesel production and lucrative crop to alleviate poverty at the
same time, are an irrational expectation of the J. curcas performance.
It is very important to distinguish the focal point for the cultivation of
J. curcas either to reclaim eroded soils or to produce biodiesel on a
large or on a small scale. It cannot be expected to produce a great
amount of J. curcas oil, when J. curcas is cultivated on infertile soils
with a small input. It is also necessary to be aware of the plant's re-
quirements to grow better like drainers soils, sunlight, pruning, reg-
ular care, weeding, irrigation in ideal portion or amount, harvest etc.
However, while the common reason for the cultivation of oil plants as
energy crops is the necessity to cover in part the increasing diesels
demand e for countries that are dependent on diesel-supplying
countries e there are individual considerations like the availability
of land, space, resources, climatic conditions (suitable temperature,
precipitation, and altitude), habitat, availability of workers, and
infrastructure, among others. J. curcas is a versatile plant with many
uses, but also with particular characteristics and needs.

South America, in comparison to Central America, has until now
not carried out numerous or long-standing J. curcas projects,
although the plant is native in the region and the region's diesel
demand is increasing. In addition, the development of biofuels



Fig. 1. A J. curcas plant shows the florescence stadium and with unripe as well as
mature fruits at the experimental station Saavedra in the district Santa Cruz e Source:
The Author.
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production in South America has just recently been started, except
for in Brazil.

The African countries showpotential to cultivate J. curcas because
there areproper climatic conditions for theplant andsoils affectedby
wind and water erosion or infertile soils, but African governments
have not powerfully promoted biofuels production. The Indian gov-
ernment in Asia, on the other hand, ventured the biggest J. curcas
project in the world in 2003 and expects J. curcas cultivation on
eroded soils to expand in order to create not only more jobs, but also
to reclaim more ha of wasteland and to increase the production of
biodiesel by 2020. The project is still relatively young to reach con-
clusions and assessments about its feasibility, however.

One of the most sensitive issues of the cultivation of J. curcas for
producing biodiesel is the cost. The total cost of biodiesel production
from J. curcas seeds and the cost of the biodiesel on themarket can be
substantial determinants of the labor force cost and in consequence
can determine the viability of the project. Evidenced by past expe-
riences, some J. curcas projects were not successful, because there
were not large enough labor force potentials to work in the J. curcas
plantations. J. curcas plants need a regular care, i.e. weeding, cutting
or pruning, harvesting (harvesting must be manual and regular,
because a plant can at the same time have blossoms, green and
mature fruits) (Fig.1)e and theprojectswere costly, like inBelize. For
this reason, biodiesel production from J. curcas seeds could be un-
economical and impracticable. In general, the price of fossil diesel in
developing countries is cheaper than in developed countries (the
price of fossil diesel is often subsidized) and therefore the price of
production of biodiesel could not be profitable and competitive (in
section 3.2, economical profit andperspectives of J. curcas cultivation
for biodiesel production is elaborated in more detail).

The performance of J. curcas plays an important role for the prof-
itability of J. curcas cultivation and consequently the market for the
biodiesel and byproducts of J. curcas. There are not improved varieties
of the J. curcas plant with preferable characteristics for specific
growing conditions. For this reason, the cultivationof J. curcas is a risky
business [55]. There are some investigations for the genetic modifi-
cations of J. curcas, in order to have a uniform ripening of its fruits.
Therefore, the participation of the government is very important for
the feasibility of the production of biodiesel from J. curcas seeds.

The International Organization FAO (Food and Agriculture Or-
ganization of the United Nations) says that the programs of
Table 4
Review of Successes and failures of J. curcas cultivation e Source: The author

Country Success

Central America
Nicaragua N/A

Belize N/A

Costa Rica - Good yield
- Balance of INPUT and OUTPUT

Guatemala - Combination project (watering with water from the fishpond)
Dominican

Republic
- Employment creation

Honduras - Use of technical information (Nicaraguan J. curcas experience).
- Successful project

El Salvador - Soils improvement to cultivate maize
biodiesel can be an opportunity, if they are guided in small agri-
cultures with little access to the market. The creation of new
markets and the integration of the small farmers to the production
chain could provide for families in the country a better and more
stable income. For its feasibility, the government should create
political mechanisms for the support to ensure and promote the
access of the edibles for the most vulnerable sectors [31].

Table 4 shows the review of successes and failures of the
investigated 22 experiences of J. curcas cultivation.
Failure

- No inexplicit goal for the project.
- No market for biodiesel from J. curcas
- Lack of policies from the government to promote biodiesel
production

- Climatic conditions were not the best for J. curcas
(excessive rain and humidity, loam soils)

- No determination of yield.
- Lack of technical information or reports of old experiences
about J. curcas cultivation.

- Support for the project was for short time
- Organizational problem of the project
- Lack of information about yield of the J. curcas plants
- Lack of information about yield of the J. curcas plants

No failure

- Lack of technical guidance for the farmers to cultivate
J. curcas plant.

- Lack of information about yield of the J. curcas plants
- Maintenance of the plants was not optimal
- Lack of common interest of farmers and promoters of the
project

(continued on next page)



Table 4 (continued )

Country Success Failure

Cuba - Execution of research to use J. curcas as a viable source for producing biodiesel and
byproducts

- J. curcas was identified as a promising energy crop due to its high oil yield and protein
content of its press cake.

- Information about further J. curcas experiences N/A

South America
Argentina - Execution of geographical areas probe to determinate able areas for J. curcas cultivating

without watering
- Technical report N/A

Bolivia - Execution of biodiesel projects from native oil plants - Final technical report N/A
Brazil -Execution of research to know the genetic diversity of J. curcas

- Start to cultivate J. curcas for producing biodiesel
- Technical information N/A

Peru - Government promotion to produce biodiesel in consideration to protect agricultural
areas, natural reserves and other sources

- Production of biodiesel to generate electricity for small villages

- Specific technical information N/A

North America
Mexico - Interest to produce biodiesel from J. curcas for private and public use

- Execution of probe to use biodiesel for sustainable air industry
- J. curcas is a good alternative to produce biodiesel

- Further information is N/A
- Further research to improve the J. curcas genetic to obtain
more resistant species against diseases and severe climatic
conditions

Africa
Ghana - Increase of J. curcas cultivation

- Further information N/A
- J. curcas cultivation was promoted for NGOs, community
level

- Lack of experience to cultivate energy crops
- Lack of energy crops-management in large scale

Kenya - Execution of experimental studies to assess the potential yield of J. curcas plant - No further studies to produce biodiesel in large scale
Malawi - Acceptance to cultivate J. curcas for producing biodiesel

- J. curcas cultivation with mutual participation of the community
- Farmers were disappointed of INPUT vs. OUTPUT by
J. curcas cultivation

Mali - Different use of J. curcas (hedge, making soap among others)
- Employment creation

- No cultivating for producing biodiesel in large scale

African
Miombo
Woodland

- Introduction of large scale J. curcas cultivation by GHG effects from land use change
- J. curcas helps to sequester atmospheric carbon when it is cultivated on wastelands and
eroded soils

- N/A

Mozambique - Large government promotion to produce biodiesel
- Basically successful J. curcas project (J. curcas oil for local use)

- Further information N/A

Nigeria - J. curcas is considered a good alternative as energy crop
- Able climatic conditions to cultivate J. curcas
- Biodiesel could compete with the price of fossil diesel

- Poor information of J. curcas cultivation for producing
biodiesel

- Lack of specific productions cost
Senegal - Execution of interesting studies to compare the potential yield under different agro-

ecological characteristics
- Lack of specific technical information

South Africa - J. curcas cultivation has no negative impact on stream flow (water resource)
- Low water demand of J. curcas
- Drought resistance of J. curcas

- J. curcas cultivation requires intensive labor to harvest
- J. curcas cultivation is not profitable
- Lack of information on J. curcas
- Lack of knowledge of stakeholders about J. curcas
- Some species of J. curcas plant have very limited resistance
to frost

Tanzania - Disposability of land and labor to cultivate J. curcas
- There is a market for seeds, soap and self-extracted oil from J. curcas
- Government and private interest to cultivate J. curcas for producing biodiesel

- Specific information in relation to price production is N/A

Togo - Cost of J. curcas biodiesel competes with price of fossil diesel - Lack of specific productions cost
- Private sector has an interest in biodiesel production form
J. curcas

Zimbabwe - J. curcas is cultivated since 1940 by small scale farmers in marginal areas
- J. curcas cultivation for conservation and land reclamation and live fence
- J. curcas cultivation for other uses: for producing glycerin, soap, as lubricant for farm
equipment and machinery, medicinal and veterinary use, for lighting

- Promotion of the government for cultivating J. curcas (Plant of the year in 2005)
- Increased J. curcas cultivation
- Research of J. curcas oil for producing biodiesel
- J. curcas has potential for producing biodiesel

- Lack of a clear government policy for producing J. curcas
biodiesel

- Unfavorable selling prices of J. curcas biodiesel
- Unavailable technical agronomic for farmers on J. curcas in
vernacular languages

Asia
China - J. curcas is considered for producing biodiesel to meet increasing fossil fuel demand

- J. curcas biodiesel is considered to decrease GHG-emissions
- J. curcas considered for land reclaiming and poor soils
- J. curcas is considered for medicinal use
- J. curcas cultivation as energy crop has positive consequences for the environment and
rural socio-economy

- N/A

India - The biggest project worldwide on J. curcas cultivation for producing biodiesel,
employment creation and recovering land

- Goals of the different phases of the projects are not
reached. Further information about it is N/A

- Technical reports and information about some result are N/
A

Pakistani - Success study in laboratory to verify the suitability of J. curcas oil for biodiesel
- J. curcas biodiesel characteristics is in good agreement with ASTM D 6751 and EN 1424
specifications

- Production of biodiesel from J. curcas in large scale is possible

- N/A
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3.2. Economic profit and perspectives of J. curcas cultivation for
biodiesel production

The price of biofuels is showing to be more expensive than for
fossil fuels [56]. In the last years, the fossil diesel price in the United
States fell substantially (2014: 3.83 $US per gallon, 2015: 2.71 and
2016: 2.22 $US per gallon) [57]. Thus, the cost of biodiesel pro-
duction from J. curcas cannot compete with the low price of fossil
diesel and it is a critical or controversial point.

In some J. curcas experiences, the price of biodiesel was themain
obstacle. For example, in Tanzania the cost of producing a liter of
J. curcas biodiesel excluding taxes was US$ 0.74 in October 2008
[43]. It is not possible to mention a fix J. curcas biodiesel price,
because the maintenance costs are variables depending of the
country, such as labor costs for field workers and plantation man-
agement, and inputs for nutrient and plant health management,
irrigation and energy [54,58]. Table 5 shows the costs of mainte-
nance and labor according to the following regions: Africa, Asia,
LAC. The countries in LAC have on average labor costs of USD 12.5
per day. It is four times higher than in Africa (USD 3.0) and twice as
high as in Asia (USD 6.6) [58]. Consequently, good yields have a
direct relation with good maintenance, as well as quality of soils
and different factors along of the general chain of biodiesel pro-
duction from J. curcas [54].
Table 5
Maintenance and labor costs, according to regions [58].

Region Maintenance costs (USD/ha*year) Labour costs (USD/day)

Africa 220 3.0
Asia 268 6.6
LAC 482 12.5
Overall average 328 7.3

For maintenance costs: n ¼ 81 projects, Africa n ¼ 29, Asia n ¼ 23, LAC n ¼ 29.
For labor costs: n ¼ 84 projects, Africa n ¼ 32, Asia n ¼ 22, LAC n ¼ 30.
(Maintenance includes costs of labor and other inputs).

Resources
(water and 

land)
Farmers

Fig. 2. Influential components for a sustainable production of biodiesel from J. curcas
seed e Source: The author.
Another obstacle for J. curcas biodiesel is that it competes with
fossil diesel that is subsidized by the government in many devel-
oping countries. For example, in Bolivia in March 2015 fossil diesel
cost only approx. 0.53 US$ per liter diesel (including taxes) [54].

Biodiesel production from J. curcas seeds is not profitable in the
short term, but it could have significant environmental advantages
(socio-economic and environmental), because future mitigation
costs could be reduced, if the use of J. curcas biodiesel decreased
environmental problems (J. curcas biodiesel has lower GHG-
emissions than conventional fossil fuels), and its cultivation
contributed to the reclamation of soils (e. g. eroded soils or unfertile
lands), and if J. curcas cultivation benefits are generated for the
region or the country by increasing employment and independence
from diesel export countries.

An important strategy to promote biodiesel production from
J. curcas could be its subsidization instead of the price of fossil
diesel. Other alternatives could be partial investment in projects for
J. curcas cultivation, oil extraction from the seeds to use for fuel
motors and energy production [59]. The advantages can be enor-
mous, because currently developing countries such as Bolivia, must
import more than half of their diesel demand (52.7% in 2014) [54].
4. Results

4.1. Identified influential components for a sustainable production
of biodiesel of J. curcas seed

On the basis of the doctoral thesis of the author “Potential of
Jatropha curcas for a sustainable biodiesel production in Bolivia”
[55] and on the basis of the analyzed experiences in the paper, the
conflicts of experiences from J. curcas cultivation involved funda-
mental actors and influential components of biodiesel production
from J. curcas seeds, which were identified as the following: gov-
ernment (local or central), farmers and enterprises, and resources
(land and water). In the process, each of them plays an important
role and they must have the same aims and interests in order to
make biodiesel production a success. If any of the identified com-
ponents is absent, the cultivation of J. curcaswill not be a successful
operation. Fig. 2 shows the identified influential components for a
sustainable production of biodiesel from J. curcas seed and the close
work among the mentioned components with each other (each
component has the same relevance along the production chain of
biodiesel).
4.2. Priorities for a sustainable production of biodiesel from
J. curcas seed

Given the conditions reviewed above, the main criterion for a
successful biodiesel production from J. curcas should be the sus-
tainability of the projects. This sustainability of J. curcas cultivation
involves the environmental, as well as social and economic criteria,
which must take into consideration the following goals within the
environmental, social and economic areas:

Environmental area “the efficient use of the resources such as
water and land”.

/ At all costs, the efficient use of water for the irrigation of the
J. curcas plantations.

/ At all costs, cultivation of J. curcas on eroded soil or
wasteland.

/ At all costs, preservation of the rain forest or agricultural
land.

Social area “synergetic effect for the investor and farmers”.

/ Benefits not only for the investors, but also for the farmers.
/ Creation of employment.
/ Improvement of the infrastructure not only for the farmers,

but also for the community.
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Economic area “rentable production of the biodiesel
production”.

/ Competitive price of biodiesel with fossil diesel.
/ Development of regulation for the cost of biodiesel.
/ Development of mark for the biodiesel and the byproducts of

J. curcas.
4.3. Recommendations for the influential components as
stakeholders (government and farmers)

The recommendations are resulting from the identification and
assessment of the obstacles from the different reviewed experi-
ences of J. curcas cultivation (rubric 3). The recommendations will
have to be in the focus of the stakeholders (government, farmers
and enterpriser) to overcome the main problems in connection
with the priorities in the implicated areas: environmental, social
and economic.
4.3.1. Recommendations for the government and farmers and
enterprises

/ Clear sharing of functions among each party in the venture of
the J. curcas project.

/ Common interests in developing the J. curcas project.
4.3.2. Recommendations for the government

/ Promotion of the cultivation of J. curcas for sustainable bio-
diesel production from its seed in the environmental, social
and economic areas.

- Development of policies to promote biofuels production
(e.g. biodiesel from J. curcas).

- Viability for close work and cooperation with private en-
terprises and/or NGOs as well as international actors.

- Viability for close work and cooperation with Universities
for research on genetic improvement of J. curcas in
laboratories.
/ Support for the realization of J. curcas projects.

- Promotion of J. curcas projects with long duration.
- Promotion of J. curcas projects on a small scale.
- Promotion of J. curcas projects on a large scale.
- Delivery of technical support for the farmers.
- Creation of programs to inform the farmers about J. curcas
and its cultivation and proper care.
/ Regulation for biodiesel production from J. curcas seed.

- Regulation of resources for an effective use of water and
land by the production of biodiesel from J. curcas seed.

- Regulation of the cultivation of J. curcas to avoid the
monoculture.

- Promotion of an integral project or combination cultivation
for an efficient use of water and land.
/ Development of marketing for J. curcas biodiesel and its
byproducts.

- Regulation of the cost of biodiesel.
- Regulation of the commercialization and use of biodiesel
from J. curcas seed with preference for local benefit.

- Regulation of the market for biodiesel from J. curcas and its
byproducts.

- Creation of a network of producer countries of J. curcas
seed.
4.3.3. Recommendations for farmers and enterprises

/ Engagement and identification with J. curcas cultivation.

- Interest in the agronomic and technical learning processes
of J. curcas cultivation and biodiesel production.

- Availability of the necessary number of manual workers to
care for the J. curcas plantations (weeding, pruning,
harvesting).
/ Adequate management of the J. curcas plant and its
byproducts

- Use of an effective irrigation system when water is not
available for the irrigation of the J. curcas plantations.

- Use of the adequate technology for the yield of J. curcas.
- Proper handling and storage for the mature fruits after the
yield.

- Use of the right process for the oil extraction from the
J. curcas seed, in order to obtain biodiesel with similar
characteristics to the conventional diesel and established
biodiesel fuels.

- Proper handling and storage conditions to preserve the
stability of the qualities of the biodiesel.
/ Balance of costs and benefits during the cultivation of
J. curcas.

- Analysis of the harvest data.
- Development of reports on the project not only to provide
an informative basis for the actual project, but also for
future projects as a helpful example.
5. Conclusion

After examining the global scenarios for the cultivation of
J. curcas to produce biodiesel, the review concludes that the plant
shows a large potential as an energy source to alleviate in part local
environmental (e. g. recovering of waste land), social (e. g.
employment demand) and economic (e. g. reduce poverty) prob-
lems. Therefore, it will further be cultivated in different countries
suitable for J. curcas growth (appropriate climatic conditions), as
well in countries with low population density and availability of
water. Good management practices of land could also be considered
for biofuels production [60]. Countries can benefit from the culti-
vation of J. curcas if they develop integral J. curcas projects to utilize
the versatility of the plant with an effective use of water and soils
and creation of jobs. In countries with a low percentage of elec-
trification and inaccessible areas, the possibility of producing
electricity can also benefit from the production of biodiesel from
J. curcas by generation in rural areas to reduce poverty and to
improve access to modern energy services for the improvement of
the standards of living. Countries with the need for education and
development of agriculture (developing countries) can also benefit
from the cultivation of J. curcas when these projects are integrated
with educational programs for children in the rural areas in order to
improve schools or infrastructure. But an analysis for the feasibility
of biodiesel production from J. curcas through its full process chain
must be carried out for each country, because each place has its
particular environmental, social and economic characteristics.

The successful cultivation of J. curcas for biodiesel production
depends on several factors, some of which cannot at times be
influenced or controlled, such as international demand and price of
fossil fuels, weather, climate or temperature; agriculture is there-
fore sometimes a risk for the farmers or enterprises. For this reason,
the identified influential components must work in close coordi-
nation and take actions to ensure that the cultivation of J. curcas is
not unfavorable.

The decision to cultivate any energy crops is depending on the
interest and require specific goals for a project; furthermore, it
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depends on the natural climatic conditions of the chosen energy
crop or if the plant is native of the respective region. In the case of a
J. curcas cultivation, the plant is strong and it can easily adapt to
adverse climatic conditions such as frost and drought. In addition,
J. curcas can grow on unfertile soils like waste soils and on aban-
doned agricultural land.
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