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Foreword

In our world, where energy demand is increasing and access to fossil fuels becomes
uncertain and expensive, a growing interest in renewable energy is developing. In
particular, financial efforts and scientific investments have been made to find substi-
tutes to replace gasoline in transportation. Plant sugars, oils, and, more generally,
plant biomass are proposed as possible options to produce liquid bioenergy.

In this context, the 1980s saw the extensive cultivation of crops and wild species
with high carbohydrate or fat content for biofuels. With the food price increase of
2007, partly attributed to the cultivation of crop plants for biofuels, renewed interest
has been paid to exploit nonedible plants for their biomass, high sugar, or oil
content.

Among a dozen of wild tropical plants, Jatropha curcas L. was designated as the
best candidate, perhaps because of its pantropical distribution (a plant known to
have more than 30 common names in Asia, Africa, and America), and certainly
because of its already intense culture in Asia (India, China, Thailand, etc.) and
Africa (Mali, Burkina Faso, Senegal, etc.). Thanks to its seed oil easily converted to
liquid biofuel, which meets the American and European standards; its press cake
used as fertilizer; and its ability to grow in extreme conditions (on marginal soils
without irrigation), Jatropha was dubbed “the green gold of the desert” and taken by
a lot of investors or project developers to tackle the challenges of energy supply and
greenhouse gas (GHG) emission reduction. Such enthusiasm quickly replaced by
negative feedback goes against all the advantages previously put forward for grow-
ing Jatropha.

Less than a century ago, nobody would have thought that this plant would be the
source of so much interest and controversy. Originated from America, this multipur-
pose plant was introduced in the seventeenth century via the Cape Verde in African
and Asian continents where it is generally grown as a living fence. Described by
Linneus, its scientific name indicates a pharmacological potential (jatros = doctor,
trophe = food) that is confirmed by the numerous traditional medicinal uses. The
first intensive cultivation has been done in the early twentieth century on the Cape
Verde islands, but it was intended to produce, from seed oil, soap and candles for
Southern Europe. Its potential as a biofuel source was revealed later, triggering the
cultivation in many tropical countries of this undomesticated plant. However, the
returns from these experiences have never been collected.



vi Foreword

The main objective of this work is to provide the reader with the most recent
scientific studies on Jatropha curcas. This book gives an update on the economic
importance of Jatropha in the parts of the world where its culture is well developed,
especially in India, China, Brazil, and the Sahel region of Africa. In response to
many questions, the second chapter is devoted to the physiology of the plant and
presents its ability to grow and produce under extreme conditions of culture or in the
presence of microbial inoculants. Finally, the last part presents all the advantages
provided by the cultivation of Jatropha, from its by-product production, its use for
rehabilitation of degraded lands to its potential as an energy crop.

Montpellier, France Claudine Campa



Preface

Jatropha, Challenges for a New Energy Crop—Volume I aims to report on the state
of the art of scientific investigations that were made during the past 10 years on the
new crop Jatropha curcas. The progresses obtained on the knowledge of this abste-
mious, semi-wild species are already impressive and were mainly achieved in just a
decade (2001-2011). This knowledge extends from basic Jatropha physiology and
biological reproduction to the basic agronomic practices and systems for its produc-
tive management, but also the complete set of biotechnological tools, such as in vitro
culture, genetic transformation, genomic sequence, genetic map, and markers
assisted selection that is necessary for Jatropha’s selective breeding. These scientific
and technological achievements pave the way for future technological management
and domestication of Jatropha as an industrial oilseed crop able to contribute to the
feeding of the transport system.

This first volume of a two-book series that forms the first comprehensive compi-
lation by global experts appeared necessary to us in view of the importance that
Jatropha demonstrated worldwide by its large-scale cultivation and emerging value
for energy business as a biofuel. This reality contrasts with the difficult access to
objective information scattered among science media eventually written in different
languages. We thought it was necessary to gather the information scattered world-
wide in a sort of summary or general agreement of what is known on Jatropha at the
moment. The form of a compilation was also necessary because the knowledge on
Jatropha is shared over the tropical belt by different teams, in different politico-
economic realities, and with different technological and scientific backgrounds.
A compilation was the best way to faithfully transmit the point of view of these
experts with as few biases as possible. We believe and hope that this compilation
will be a valuable source of inspiration for next-generation scientists investigating
this new crop, for technologists invested in improving its profitability, as well as for
decision makers and policy implementers involved in politics, economics, environ-
ment, or social management that are thinking and acting for the development of a
world based on sustainability.

The book is presented in five units comprising 30 chapters covering the main
aspects of the worldwide economic importance of Jatropha as well as its physiol-
ogy, farming, oil processing, by-products, biodiesel, and biofuel combustion. It
aims to give a kind of comprehensive picture on the whole productive chain of
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viii Preface

Jatropha and is supposed to help the reader to make a mental representation con-
cerning the potential of Jatropha as a crop. By contrast, volume two is dedicated to
Jatropha as a biological system with the purpose of understanding what can be
improved in Jatropha and how this can be achieved.

We wish to express our gratitude to all the contributors from all over the world
for readily accepting our invitations for not only sharing their knowledge but for
admirably integrating their expertise on scattered information from diverse fields in
composing the chapters and enduring editorial suggestions to finally produce this
venture that we hope to be a success. We greatly appreciate their commitment.

We also acknowledge the support received from many colleagues in the prepara-
tion of the manuscripts as well as to our family members and relatives for bearing
with us, our commitment to the book.

We thank Ms Hannah Smith, Associate Editor at Springer Science Publishers,
and her team for their help and excellent cooperation for bringing out the book in an
excellent and readable getup.

Finally, we apologize for any mistakes, omissions, or failures that may subsist in
this work.

Rio de Janeiro, Brazil Nicolas Carels
Hyderabad, India Mulpuri Sujatha
Warangal, India Bir Bahadur
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Worldwide Importance of Jatropha



Chapter 1
The Birth of a New Energy Crop

Nicolas Carels

Concerning the Socio-Economic Context of Biofuel Investigation

To live and enjoy life is surely a surprising experience in all times, but the particu-
lar moment where this book is being planned and written is certainly a very inter-
esting and crucial period in the history of humanity. The main challenge for
humanity is the auto-control of its worldwide population. Some experts argue that
there will be no problem to feed nine billion people when we are already seven
billion on earth now. This optimism sounds obsolete when one thinks objectively
that the problem will be posed exactly in the same terms at the moment where the
human population will effectively reach nine billions. Actually, resources will be
far too less than they are now at seven billion and so what? Chinese people already
understood that the size of human population is the real challenge and even if it still
with a growing population, Chinese government took a long time ago the coura-
geous initiative of an intensive family planning program that, among other things,
is allowing only one child per couple without payment of deterrent taxes (Orleans
1975; Nathans 2010). Given the difficulties associated to the acceptance of this
planning program, the Chinese population continued to grow, but at a much slower
rate and it is expected to reach about 1.5 billion around 2030, before starting to
decrease (Attané 2002). As an expected consequence, new problems are emerging,
such as accelerated population aging (Hvistendahl 2010) or widening gap between
rich and poor, but other positive effects were obtained, such as to bring the con-
sciousness of everyone on the importance of the issues related to demography
through education for all (http://www.china.org.cn/e-white/familypanning/).
Education for all had the consequence to boost the Chinese economy despite the
aging of the population. In turn, a more profitable economy should give a return to
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alleviate better life to the old people. The classical notion that it is the young people
that should pay for the old ones is now obsolete. Actually, young people suffer unem-
ployment because of substitution by machines, thus it is these machines that should
be expected to pay for old people and not young ones. Again, there is some bias in
the system just because basic economic rules are not respected. At this point, one
would ask whether humanity should pay the price to go through wars or starvation to
regulate its population density because the decision of making the simple accounting
of how much square meters of earth planet is allowed for humans failed to be taken.
Absence of human population size regulation by itself would have the mathematical
consequence to be enforced in a way following the predator—prey equation (Lonngren
and Bai 2008) just because earth’s geometry will obviously not change.

Another disastrous consequence of an ever growing human population is the ever
disappearing biodiversity, the so called sixth extinction (Wake and Vredenburg
2008). Biodiversity is an important integral component of the earth as we know it;
it is a capital that has been accumulating during the past three billion years and that
has been historically erroneously evaluated to zero by economists’ procedures.
Besides its invaluable environmental services associated, biodiversity offers a capital
of tools that manage material transformation at very low energetic levels. These tools
are the living cells and their enzymes enclosed in complex multifunctional organisms.
These organisms are, thus, information systems that produce material transforma-
tions in various timescales. Genomics has recently shown that the most complex
organisms, the higher eukaryotes, all host 15.000-25.000 units of information
(genes) whatever, plant, insect, mammals or other higher eukaryotes. Thus, the sim-
ilarity of quantitative information contrasts with the variety of shape/form and func-
tions. We can draw from this observation that the capital given to us by nature is
more in the state of the information network of an organism as an instantaneous
picture of live processes than in its genes themselves. Through biodiversity, nature
offers to us a book of variations on the way to coordinate the expression of genes to
accomplish given functions and, this, on the basis of a content of information com-
mon to all life forms. In a sense, life is a quantum computing activity based on
carbon chemistry that human technology is aiming to reproduce in the mineral para-
digm with electronic components. When a species is extinct, this invaluable capital
is destroyed for ever because humans do not have time in evolutionary scale, three
billions years, to reconstruct it. Actually, we are just starting to investigate how
these networks work when they are precisely entering a phase of extinction (Wake
and Vredenburg 2008). For example, we can ask what would be medicine, and more
generally biotechnology, today without polymerase chain reaction (PCR). PCR is
a legacy from the biodiversity of Yellowstone National Park (USA), but did
Yellowstone receive a fee for this gift to humanity? Certainly not! The tendency to
consider gifts from nature for free is another general bias of economy in total con-
tradiction with the theory itself and it can be seen as a human distortion in its math-
ematical context. Recently, this fact has been recognized and taxes on pollution
have been started to be implemented in a number of countries. Thus, it is of central
importance to keep the nature’s capital alive and in its diversity at least to warrant
our technological future and this without considering the environmental services
that biodiversity offers to humans; services that are absolutely necessary to a healthy
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human living condition. It is unacceptable for humanity to lose the nature’s capital
for facts of ignorance, negligence or convenience. According to the concept of Gaia
(Lovelock and Margulis 1974), earth is a living dynamic system and we cannot look
at as it would not exist; this would be synonym of human extinction in a difficult to
predict time delay (Lonngren and Bai 2008). Climate stabilization is one example
of service from complex natural systems. Biodiversity has numerous stabilizing
effects on the environment and climate (Odling-Smee 2007; Tomkiewicz 2006),
ecosystems (Yue et al. 2011) and (consequently) human populations (Simdes et al.
2010). Fortunately, even if slowly, the economical value of feral nature (Costanza
et al. 1997) is starting to be recognized at economic level and The Economics of
Ecosystems and Biodiversity (TEEB) has been created (http://www.teebweb.org/)
with this objective.

World population regulation is possible as shown by China, but it is, at least,
necessary to take the decision of its planning and management. The price of the
disregard shown by the few later human generations around this issue will have to
be paid by the future generations to come and there is no way to escape from this
fact. Thus, the best strategy would be to reduce/stop the rate of population growth
before entering overpopulation and suffering its deleterious consequences. China
and India know the price to pay for people over crowding, but other countries unfor-
tunately seem to have difficulties in learning their lesson. The politics that is fol-
lowed by most if not virtually all countries is to adapt food resources to the needs of
an ever growing population by technology adjustments. This strategy only has a
limited future. Any normal person considering this question will definitely agree on
the fact that it will not work for ever. The concept of infinite resource availability
on which worldwide economies are based should never have existed and has been
the major failure of economic theories (Nadeau 2006). It is on the basis of this con-
cept that population size is growing worldwide. The concept of infinite resource
availability does not hold good if it is not included in that of sustainability, which
limits the extent of the first to what is realistic, a concept that former economists
from the period of industrial revolution intentionally forget to include in their cal-
culations. This logic has been possible as far as resources were far from their peak
production, but when resources are passing their peak production, a recession is to
be expected if alternative resources are not found to maintain the services that their
provide. This dynamics applies to the case of energy.

Considering energy, the infinitely available resource is not more crude oil since
the one available at low price is probably reaching its peak, but rather the solar one.
Experts believe that peak of world oil production should not occur before at least
3040 years from now. The OPEC nations are currently operating at near full capacity.
According to the expected solar life, solar energy will remain “infinite” during a
large number of human generations. However, solar energy is still expensive and the
transition to its exploration can only be partial in its present state of the art. Thus,
the joining of a myriad of renewable energies, according to regional opportunities,
will be necessary to the successful substitution of fossil and nuclear fuels to feed the
energy grid (see Carels 2011 for a review). The model from de Vries et al. (2007)
showed the following: (i) electricity from solar energy is typically available from
Northern Africa, South Africa, the Middle East, India, and Australia; (ii) wind is
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concentrated in temperate zones such as Chile, Scandinavia, Canada, and the USA;
(iii) biomass can be produced on vast tracts of abandoned agricultural land typically
found in the USA, Europe, the Former Soviet Union (FSU), Brazil, China and on
grasslands and savannas in other locations. In many areas of India, China, Central
America, South Africa and equatorial Africa, these energy sources are found in areas
where there is already a large demand for electricity (or there will be such demand in
the near future). A combination of electricity from wind, biomass and/or solar sources
(Eugenia Corria et al. 2006) may yield economies-of-scale in transport and storage
systems. Regions with high ratios of solar-wind-biomass that potentially meet the
current demand for electricity include Canada (mainly wind), African regions (solar-
photovoltaic and wind), the FSU (wind and biomass), the Middle East (solar-
photovoltaic) and Oceania (all sources). In other regions (such as Southeast Asia and
Japan), the solar-wind-biomass supply is significantly lower than the demand for
electricity. Ratios of around one are found in Europe and South Asia. The potentials
just described depend on many parameters, and their achievement will depend on
future land-use policies (de Vries et al. 2007; Miles and Kapos 2008).

Why Biofuels?

Numerous low emission scenarios have demonstrated that the goals of the Kyoto
Protocol cannot be achieved without providing a large role for biofuels by 2050 in
the global energy economy (Vertes et al. 2006). Among the reasons why biofuels are
appropriate for such a transition, one may distinguish: (i) their simplicity; (ii) their
production via well-known agricultural technologies; (iii) their potential for mitiga-
tion of climate warming without complete restructuring of the current working
energy system; (iv) the use of existing engines for their transportation (even consid-
ering the conventional turbofan used in aviation) (Kleiner 2007; Rothengatter
2010); (v) their potential to facilitate worldwide mobilization around a common set
of regulations; (vi) their potential as a directly available energy source with good
public acceptance; (vii) their more uniform distribution than the distributions of
fossil fuel and nuclear resources; and (viii) their potential to create benefits in rural
areas, including employment creation.

Biodiesel from palm oil and bioethanol from sugarcane are currently the two
leaders of plant bioenergy production per hectare. Palm and sugarcane are being
grown in increasing amounts; however, the continuous increase in their production
is not sustainable and will not resolve the enormously increasing demands for
energy. Oil palm yields ~5,000 Lha™'. In Brazil, the best bioethanol yields from
sugarcane are 7,500 Lha!. Most of the energy needed for growing sugarcane and
converting it to ethanol is gained from burning its wastes (i.e., bagasse). For every
unit of fossil energy that is consumed by producing sugarcane ethanol, ~8 units of
energy are recovered (Bourne 2007). Frequent droughts in many Asian countries
have made difficult for them to replicate Brazil’s success with sugarcane, which
needs an abundant water supply. Thailand and Indonesia are tapping the potential
with palm oil.
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The general feeling is that first-generation biofuels are already reaching saturation
because of the limited availability of arable lands. However, Brazil has additional
lands available for sugarcane and Jatropha curcas L. (hereafter referred to as
Jatropha) cultivation, whereas India is promoting Jatropha on its extensive waste-
lands. The development of these fuels has already been a success because they have
demonstrated that engine running on ethanol or biodiesel is feasible without
significant technological modification and can, at least, be used to power public
transport.

Why Jatropha curcas?

Most traditional biofuels (such as ethanol from corn, wheat, or sugar beets and
biodiesel from oilseeds) are produced from classic agricultural food crops that
require high-quality agricultural land for growth. The biofuel economy will grow
rapidly during the twenty-first century (Demirbas 2008). Currently, approximately
84% of the world biodiesel production is met by rapeseed oil. The remaining por-
tions are from sunflower o0il (13%), palm oil (1%), soybean oil and others (2%) (Gui
et al. 2008). More than 95% of biodiesel is still produced from edible oils. In Brazil,
~85% of B5 (5% biodiesel in fossil diesel) is sustained by soybean oil. To overcome
this undesirable situation, biodiesel is increasingly being produced from non-edible
oils and waste cooking oil (WCO). Non-edible oils offer the advantage that they
theoretically do not compete with edible oils on the food market.

Because of increased land use for biofuel production, biofuel crops are now com-
peting with food crops (Odling-Smee 2007) and they are expected to have substan-
tial effects on the economy. In addition, the use of food crop for biofuel production
promote deforestation and creates a “carbon debt” by releasing 17-420 times more
CO, than the annual greenhouse gas (GHG) reductions that these biofuels would
provide by displacing fossil fuels. In contrast, biofuels from waste biomass or from
biomass grown on marginal lands planted with perennial species incur little or no
carbon debt (Fargione et al. 2008; Searchinger et al. 2008).

Considering biofuels, Jatropha offers several advantages compared to other oil-
seeds: (i) Jatropha can thrive on wasteland, where poor populations are generally
found. Thus, it is expected to have a positive social effect by attracting govern-
ment’s investment, stabilizing the population in rural areas, and providing the
population with incomes and energy; (ii) the feasibility of its biodiesel has been
proved (see Carels 2009 for a review); (iii) it can be burnt as neat oil or biodiesel
in conventional compression ignition (CI) engines (see Carels 2009 for a review);
(iv) its environmental impact is lower than that of palm oil as long as no natural
ecosystems are removed for its implantation (Darussalam 2007; Laurance 2007,
Malhi et al. 2008; Stone 2007; Venter et al. 2008). On the contrary, Jatropha is used
for waste land reclaiming (Francis et al. 2005; Pandey et al. 2012); and (v) its life
cycle justifies its exploitation (Pandey et al. 2011) even if it is still to be
improved.
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Regional Contributions and Development Worldwide

Scientific investigations on Jatropha started in the 1980s. In contrast to Brazil,
where it stalled soon after its beginning and only recovered in 2006, it has been con-
tinuing in India. India, is certainly the country that most contributed to Jatropha’s
promotion worldwide. As summarized in the article title: “the little shrub that could
— maybe” of Fairless (2007), the symbolic of a semi-wild species able to thrive in
marginal conditions and give oil suitable for biodiesel production, has certainly
drawn the attention of the scientific community on Jatropha. From 2008, the
scientific community did a huge work and drawn Jatropha to the light by succes-
sively mastering its interspecific hybridization (Reddy et al. 1987; Sujatha and
Prabakaran 2003; Sujatha 2006; Basha and Sujatha 2009; Parthiban et al. 2009;
Popluechai et al. 2009; Karanam and Bhavanasi 2010), performing the
transesterification of its oil (see Carels 2009 for a review), characterizing its biodie-
sel combustion in CI engines (see Carels 2009 for a review), determining it genome
size (Carvalho et al. 2008), setting the bases for its DNA marker assisted selection
(Sudheer-Pamidiamarri et al. 2009), sequencing the transcriptome of it seeds (Costa
et al. 2010; Gomes et al. 2010; King et al. 2011; Natarajan and Parani 2011),
sequencing and annotating its genome (Sato et al. 2011) and finally setting up a
preliminary genetic maps (Wang et al. 2011); a set of victories that justified the
preparation of this book.

Scientific community worldwide had different contributions to the development
of Jatropha research mostly according to the technological profile of its regional
specificities. Africa is developing an approach where Jatropha is considered on its
own and managed with minimal care. Jatropha is taken for what it can release with-
out significant investment, due to its ability to thrive in minimal conditions, and for
its ability to thrive in semi-arid climate, which makes it a good candidate to struggle
against desertification. As pointed above, India under the pressure of its large depen-
dency on foreign importation of crude oil, has given a strong attention to the bio-
logical parameters of Jatropha and to the setting of first insides in its marker-assisted
breeding for its rational improvement. Coming later, China also strongly invested in
research due to its unsustainable long term dependency on coal for energy and its
limited amount of lands suitable for food crops. Through Kazusa DNA Research
Institute, Japan offered the genome sequence to the world. Due to its tradition as a
world center of high technology, Singapore is investing in biotechnology to shape
Jatropha through genetic engineering. Brazil, with its tradition for biofuel production
looks for an integrated approach that would optimize the whole picture for the
benefit of the whole chain. Mexico, “late but not least” is now giving strong atten-
tion to the description of genetic diversity of Jatropha in the country since it appears
to be the diversification center of Jatropha and is preparing itself to release certified
genotypes worldwide.

In Brazil, Jatropha cultivation (20,000 ha) has only been allowed by law in 2009,
which explains that the significant interest for this new crop is only relatively recent.
In China, the arable land area per capita is lower than the world average. As a result,
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most edible oils need to be imported. Since Jatropha is not too demanding in terms
of soil quality, it is a good option for Southwest China (Yunnan, Sichuan and
Guizhou provinces), which is the most suitable area for its cultivation, but with only
a moderate potential since it is limited to ~100,000 ha of marginal lands not suitable
for food crops (Wu et al. 2009). Such limited potential makes it difficult to expect
significant contribution from biodiesel in this country (Yang et al. 2009); more is to
be expected from biomass. In other Asian countries with high dependency (>80%)
from foreign fuel, such as Thailand, Cambodia, Vietnam, Myanmar, Laos, Indonesia,
and India, eroded land areas from deforested soil are also available for Jatropha
cultivation. For over 7 years, the Indonesian government is supporting various
national and international agencies as well as research institutes for the investiga-
tion of Jatropha with a target of biodiesel production covering 10% of the national
fuel consumption. At moment, about 1.5 million hectares are effectively planted
(Legowo 2007; Silitonga et al. 2011). Since India imports 70% of its fuel consump-
tion (111 Mio t), any renewable energy is most welcome. Because India is a net
importer of edible oil, it emphasizes non-edible oils from plants such as, Jatropha,
karanja, neem, mahua, simarouba, etc. Jatropha and karanja are the two important
leaders of the Indian plant list for biodiesel production and India has 33 million ha
of degraded land available for Jatropha reclaiming because of improper use and
population pressure over several years (Francis et al. 2005; Kumar and Sharma
2008; Misra and Murthy 2011). Pilot experiments for Jatropha implementation are
also being carried out throughout Africa and this has been reviewed by Henning
(2005), but government incentives are still few (Jumbe et al. 2009).

Challenges for Jatropha as a Successful Biofuel Crop

Even if a huge work has been done that allows scientists to have a comprehensive
picture of Jatropha as a whole, it remains that this species is a semi-wild species in
the process of domestication. There is no reason to complain about such status when
one realizes that in ~4 years, the scientific community succeeded in going through
the most part of a journey that took 5,000 years for a species such as wheat for being
domesticated. In other words, if Jatropha is still far from an industrial crop, it is
however rather sure that due to its amazing technological potentialities it went over
a point of no return. The new crop Jatropha is now entering in the domain of
scientific integration towards complete domestication for profitable biodiesel pro-
duction. It is to be expected that within a short time scale the architecture and func-
tionalities of Jatropha will be deeply affected by selective breeding and genetic
engineering. Among the traits that should be affected in a feedback loop process along
the whole chain of biodiesel production are: (i) short-term (few years) or long-term
(perennial) system of exploitation; (ii) extensive (with resting period in semi-arid
condition) or intensive system (ferti-irrigation) of exploitation; (iii) fertilization; (iv) plant
architecture (semi-dwarf or dwarf); (v) discontinuous, but synchronous flowering
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and fruiting; (vi) dioecious plants to maximize out-crossing and yield/production
per plant; (vii) increased seed production over 4 tha™'; (viii) plant tolerance to pests
and diseases (especially to those of the rooting system); (ix) mechanical harvesting;
(x) fatty acid composition; (xi) genetic engineering to facilitate the biofuel processing
(triglyceride conversion into free fatty acids?, enzymatic conversion); (xii) low cost
alkyl ester conversion; (xiii) biofuel composition for optimized combustion in CI
engines; (xix) microeconomic modeling of suitable agro-systems of Jatropha grow-
ing and exploitation; (xx) life cycle modeling; (xxi) plant growth and fructification
modeling according to climate conditions of culture.
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