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Abstract: There was a heightened global interest in large-scale Jatropha cultivation for the past
few decades, and this incited investment toward the crop in many developing countries. Many
saw Jatropha as a green fuel that could possibly be an alternative to fossil fuel, which has adverse
implications to deal with the impacts of climate change. However, Jatropha investments failed to meet
global expectations, leading to unexpected social, environmental, and economic transformations in the
investment spaces. This paper reviews and synthesizes the transformations and complexities in failed
Jatropha spaces in six previous major Jatropha investment destinations across the world—Mexico, India,
China, Ethiopia, Mozambique, and Ghana—by employing qualitative data analysis. The findings
generally show that, in all of the countries studied, promoters of Jatropha investments, including the
central government and private investors, subscribed to a “wait-and-see” approach with positive
expectations. The review revealed that the intended goal of establishing global Jatropha investments
to serve as an alternative source of fuel failed because of the unexpected complexities of the hype,
which dwelled much on the deferment option of the “wait-and-see” approach for global Jatropha
investments. Failure of the investments along with unmet expectations led to land-use changes from
Jatropha to the cultivation of other crops (often food crops) or total land abandonment. Although
we are not totally pessimistic about the economic and production viability of Jatropha as a biofuel
feedstock, we emphasize the importance of paying considerable attention to other feedstocks that
might have a better future as alternatives to fossil-based energy for the deployment of sustainable
bioenergy. Furthermore, our findings provide meaningful justification for policy- and decision-makers
in the development space to tacitly reflect and appraise new investment initiatives or interventions
before endorsement.
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1. Introduction

Over the past decade, investment options toward large-scale Jatropha investments gained
prominence around the globe. This was driven by the outrageous prices of oil in the international
market, a desire to ensure energy security, and the quest to reduce the emissions of harmful gases
leading to climate change [1]. According to Openshaw [2], Jatropha was favored by investors because
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the crop has many attributes, multiple uses, and great potential for meeting the global anticipation.
For instance, the by-products of Jatropha can be transformed into a fuel source [3] and used for preparing
soaps and candle wax [4]. The crop could also be used to impede soil erosion caused by rainwater and
fencing, as well as to reclaim degraded lands [2,5]. Under this expectation, governments, multilateral
organizations, and investors all entered into Jatropha investments [6].

According to Jingura et al. [7] and Tsegaye and Glantz [8], with growing global demand for
climate-friendly transport fuels, countries and continents notably underwent large-scale land acquisition
and investment for biofuels including African countries (Ghana, Ethiopia, Mozambique, etc.), Asia
(China, India, etc.), and South America (Mexico, Brazil, etc.). Hence, governments in Africa, Asia,
and South America partnered with countries, notably, Brazil and India, which are known to have
considerable experience in biofuel development, to transfer technology into their biofuel sectors to
invest in cultivating biofuel crops such as Jatropha, sugarcane, teak, and oil palm [8]. The interest of
governments was further heightened by the acclaimed indications that Jatropha could improve local
livelihoods, alleviate poverty, and kindle local development [9]. Jatropha investment took the center
stage of agricultural investments in many countries south of the globe due to its immense contribution
to socioeconomic development [10,11].

Historically, the origin/home of Jatropha is Mexico, and its knowledge and use were initiated by
the Olmeca people of Mexico 5000 years ago [12], who planted Jatropha for medicinal purposes [13].
Jatropha then moved to Brazil and some portions of Central America. According to Henning [14],
the Portuguese seafarers distributed Jatropha through the Cape Verde Islands to Africa and Asia.
Openshaw [2] indicates that the potential of Jatropha as an oil-producing crop was long acknowledged
in the form of demonstration farms in countries such as Nepal, Zimbabwe, Mali, and Brazil for the
utilization of the oil. One of the first wide-scale productions of Jatropha was the Austrian–Nicaraguan
project instituted in 1990. This project failed as investors saw it to be unprofitable [15]. Interest
in energy security and climate change concerns re-ignited interest in Jatropha in the early 2000s.
International funding bodies started to robustly support investors to invest in Jatropha [6,16] with
the anticipation of ensuring sustainable energy security whilst having a positive impact on climate
change mitigation [17]. Jatropha is argued to be a “marvelous crop” with huge potential for economic
growth [2] and environmental management attributes [2,3] since it strives well even on less productive
lands due to its lower requirements for water and non-competition for nutrients with other crops [18].

During the 2010s, there were burgeoning studies on the effects of large-scale Jatropha investments on
environment and socioeconomic development [10,11,19,20]. The findings from these studies are mixed.
On one hand, Bosch and Zeller [10] and the Food and Agriculture Organization (FAO) [11] showed
that such investments enhanced employment opportunities, improved biodiversity, and increased
revenue in the host communities. On the other hand, Schoneveld et al. [21] and Hughes et al. [20]
provided evidence to suggest that the investments led to impoverishment, since the households’ access
to non-timber forest products, which are often considered as common-pool resources, is curtailed by
such investments. The international Non-Governmental Organization (NGO), Action Aid [22], also
disclosed that Jatropha investments created unintended consequences on total food production and
the aggravation of poverty in investment-centered communities. These revelations, together with
the quest to deal with energy poverty and climate change, motivated governments to support and
allow large-scale Jatropha investments without sound preparation and arrangements. Preparations
and arrangements in terms of studies on available and suitable lands, the legal incorporation of social
and economic benefits, and conceptualized scientific studies were virtually absent [22]. Many of the
countries did not have legal mechanisms to protect the interest, rights, welfare, and livelihoods of
the rural population [23]. Even during the Jatropha investments, Skutsch et al. [24] and Birega [25]
confirmed their doubt in Jatropha in terms of its potential to bolster Africa’s rural development. The
Jatropha hype without commensurate arrangements for its investments led to poor development
outcomes including negative environmental implications, land alienation, rural livelihood loss, food
insecurity, conflict, and high investment losses.
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According to Timko et al. [26] and Hamenoo [27], outcomes of initial Jatropha investment were
negative on local land tenure systems, food production, and livelihoods. The annual output of
farmers declined due to their use of parcels of land that were smaller than the ones they had access
to before the large-scale Jatropha plantations were established [28]. However, little was discussed
about the relationship between the initial drivers of Jatropha investments, which were intended
to do good, and the environmental and socioeconomic development outcomes of the investments
and transformation patterns after the Jatropha investment failures, and how and why the Jatropha
investments failed to generate the expected positive environmental and socioeconomic development
outcomes, as well as what prospects the land had for future investments. This article presents a
critical review of the published articles and literature on the Jatropha hype and bust, most of which
were derived from the Sustainability journal special issue, dubbed “Global Jatropha Hype-Drivers
and Consequences of the Boom and Bust of a Wonder Crop”. This paper reviews and synthesizes
the Jatropha investment transformation experiences and the drivers influencing Jatropha investment
initiatives, government-driven initiatives, and private sector-driven initiatives impacting the production
approaches of Jatropha investment, as well as how the transformation experienced influenced the
environment, social, and economic systems in the six previous major Jatropha investment destinations
of Mexico, India, China, Ethiopia, Mozambique, and Ghana.

Transformation and Investment Debates

Transformation theories are not entirely new in research dispensation, as they were long
identified [29] in other fields, but are new in land grab and investment debates. The term transformation
can elicit reactions ranging from organizational change and leadership to land-based investment
intervention changes. According to Deming [30] and Daszko and Sheinberg [31], transformation
is like a never-traveled journey and, as such, its destination is unknown, is tentative, and cannot
be predicted, but welcomes new learning and actions based on new discoveries. Transformations
in land spaces are a phenomenon of uncertainties engulfed with development decision-making at
any given time [32]. Several models of decision-making under uncertainty were proposed including
modern investment policy decisions [33]. In recent times, investment hypes like Jatropha were driven
by uncertainties, randomness, and unpredictable events [34,35], and some uncertainties occurring in
transformations are expected. Therefore, in the phenomenon of uncertainties in investment trends in
such transformations, nothing happens out of nowhere, but outcomes are induced by cause–effect
relationships with their attributed challenges. In some instances, unexpected events come on board by
mere chance and/or an accident with or without recourse to modern investment, thereby adding to
the risk element in modern investment. Even though the futuristic outcomes of transformations are
unknown, predictions such as goal-setting are key in modern investment. According to Deming [30],
predictions without information and knowledge constitute guessing, which leads to crisis-related
risk. Muys et al. [36] support Deming’s assertions and postulated that policy measures toward the
adoption and promotion of new initiatives should hinge on multiple, interconnected, and viable data.
Therefore, interconnected and viable data to predict policies and develop policy are key to promoting
new initiatives. Lempert [37] revealed that a single policy implementation is usually insufficient to
tackle a particular development problem and risk. Farazmand [29] highlights the more persuasive
nature of risks associated with crisis in these contemporary times than before. The outcomes in modern
large-scale investments include land grabbing, with significant changes in the transformation of
property relationships and social relationships of production [38,39]. Kenny-Lazar [39] also postulated
that modern large-scale investments may result from a variety of agrarian problems such as land
degradation, larger firms out-pricing smallholder crops on the market, or the availability of more
lucrative off-farm employment, which, before the investment, could not be predicted most probably
due to the lack of an indigenous knowledge of the system. Keijzer and Lundsgaarde [40] did not
consider whether unforeseen or unintended changes occurred, but instead focused on two lenses of
why they occurred: (1) the occurrence of un-intendedness linked to human errors made in planning
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and implementing development interventions, and (2) the idea that reality is inherently complex to the
extent that unintended effects would be unavoidable even when assuming the possibility of planning
and implementing a perfect development intervention [41].

2. Methodology

To understand the outcomes of how Jatropha investments transformed global systems
socio-economically and environmentally during and after the hype of Jatropha, our research reviewed
the existing literature by employing qualitative data analysis. This was done through a case study
design involving six countries that witnessed major Jatropha development (Mexico, India, China,
Ethiopia, Mozambique, and Ghana) to describe the pattern of transformation in terms of undesired
socio-economic and environmental outcomes. These countries were selected because they served
as countries that witnessed major Jatropha development in a world where Jatropha investments were
intensified through a mixed bag of government and corporate interventions. Again, after Jatropha was
abandoned for almost a decade in these countries, no relevant studies were conducted to understand
the transformational complexities of endorsing other crops. It, therefore, became very necessary to
integrate the divergent unintended development consequences and transformational complexities of
Jatropha. The qualitative data analysis helped provide insightful knowledge and understanding in
a pragmatic manner [42,43] on investment transformation, which has very rare theoretical bedrocks
and literature in the land grabbing debate. Secondary data collected through the review of literature
from the Sustainability journal special issue “The Global Jatropha Hype-Drivers and Consequences
of the Boom and Bust of a Wonder Crop” were reviewed to derive major themes as endorsed by
Morse and Field [44] and Miles and Huberman [45] in tandem with each country by capturing the
precise word that captured the key thought considered as “transformation in Mexico, transformation
in India, transformation in China, transformation in Ethiopia, transformation in Mozambique, and
transformation in Ghana”. Based on the major themes, the findings were organized into a meaningful
and logical cluster as suggested by Patton [46]. Furthermore, the analysis helped ensure that other
relevant research findings were addressed in the discussion section of the study to inform the policy
actions and academic thinking in a concretized manner.

3. Review of Country Cases: Transformations during the Jatropha Regime

A review of country-specific transformations for this article in the Jatropha space during the hype
implies how approaches from investment sources transformed socio-economic and environmental
systems during the era of Jatropha. Governments became the major driving force behind Jatropha
investment during the Jatropha investment hype [47]. Government policies led to two main investment
approaches and sources: (i) government-led investment approaches, and (ii) corporate-led investment
approaches, which eventually defined the productions approach and investment sources, as well as
the transformations emerging from these approaches (Figure 1).
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3.1. Transformations in Mexico

In Mexico, the Jatropha investment sources and approaches were government-led. Mexico is known
as the “home” of Jatropha, but the potential of Jatropha in producing biofuels was unknown until the early
1990s. The renewal in interest in Jatropha cultivation started in 2003, when its potential contributions
to sustainable energy security drew global attention to invest in the crop [1,25]. As the “home” of
Jatropha, the Mexican government enacted a national biofuel law, the 2008 Bioenergy Promotion and
Development Act, as a quick response to (i) diversify Mexico’s domestic energy production, (ii) commit
to reducing greenhouse gases, (iii) rehabilitate and reforest degraded land through the ProArbol
program of Comisón Nacional Forestal (CONAFOR), the National Forestry Commission, (iv) enhance
rural employment, (v) stimulate rural development, and (vi) produce biofuel energy for local and
global needs [24,47,48]. The primary focus of the law was to contribute to energy diversification and the
sustainable development of the country’s agriculture sector whilst making Mexico a prominent center
of biofuel energy in the world, as well as contributing to the global goal of reducing greenhouse gases
(GHGs) [48]. To sustainably move the 2008 act forward with biases, the Bioenergy Interministerial
Strategy (2009–2012) was introduced with the aim of reducing political favoritism in other districts
which lacked agronomical requirements to cultivate Jatropha [24]. The government had the task of
obtaining additional energy sources for export [47,49], with the expectation of spearheading the future
provision of additional energy sources to countries in the north. The drive for the biofuel policy
was to enhance competitiveness and to “open the gate” for locals to utilize economic opportunities
associated with biofuel investments. The government initiated Jatropha projects in the Chiapas state
through the National Forestry Commission and instituted subsidies to achieve positive outcomes.
Other states were Colima, Michoacán, Morelos, Oaxaca, Sinaloa, and Yucatan [50,51]. The government
strategically encouraged Jatropha amidst other biofuel crops such as castor and oil palm, which were
already known. Jatropha was tagged as the preferred feedstock for biofuel investment [52]. This
preference was strengthened by the revelation that Jatropha could be successful on marginal lands [53]
and the intention of the government to increase forest area [24].

The labor-intensive approach to investment was adopted to allow for the engagement of large-scale
farmers to enhance their livelihoods through job creation and income provisions [24,54]. Both local
and international private investors and agro-industries were also motivated to invest in Jatropha on a
large scale, but the intention of the government was to limit their dominance [53]. The locals were,
thus, made the key actors in Jatropha production. Farmers engaged in bean and maize production
also resorted to the production of Jatropha [54,55]. Agro-businesses were involved in the production
process, but the locals had a greater platform for Jatropha production.

Generally, Jatropha was invested in for more than three years in Mexico [25]; however, the
investment outcomes were poor [55]. In states such as Michoacán, Veracruz, Chiapas, Quintana Roo,
and Yucatan, the use of marginal land for the cultivation of Jatropha yielded poor returns [56]. It was
expected that the use of marginal lands for Jatropha would not lead to negative implications on food
production in the country [57], but bean and maize farmers moving into the Jatropha field contributed
to falls in the production levels of these crops [24,53–55]. In addition, new diseases that caused harm
to the production of other food crops affected Jatropha production [58], and Jatropha investment did not
make any meaningful impacts on local livelihoods. Although new jobs were created for farmers [24],
they could not obtain adequate and expected profits from their newly found jobs.

Valero et al. [55] highlighted that, in Chiapas, the motivation of the participants was to earn enough
income through the sale of the Jatropha seeds. This motivation behind the farmers in Chiapas was
similar to the Mexicans in Quintana Roo, who were selling the seeds for biofuel production and export
for revenue [49,59,60]. With frustration growing from the investment, some local individuals and
agro-industries opted out of the production of Jatropha, and, in Chiapas State, authorities forewent the
Jatropha project. Institutions and refinery centers that were previously created were closed down [58]
as the production could not lead to a substantial reduction in poverty as proclaimed in many studies,
but instead deepened the levels of poverty of its actors [24].
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The environmental implications of Jatropha were generally a mixture of positive and negative
outcomes [24]. Regarding positive environmental implications, the Jatropha project led to afforestation/

reforestation in Yucatan; for instance, Skutsch et al. [24] observed that about 2000 hectares and
350 hectares of lands were used in two different commercial ranches to expand the forest. However,
in Michoacán, the Jatropha farmers adopted a shifting cultivation approach, which saw a significant
number of farmers clearing the secondary forest on a rotational basis for Jatropha plantations. Mexico’s
government, corporate investors, and individual local farmers felt disappointed in the outcome of
Jatropha in terms of spearheading economic transformation and meeting energy needs [55]. As a result,
the National Biofuel Policy shifted its ultimate attention from Jatropha to focus on other biofuel crop
research projects and development (Mexican Bioenergy Network as in GAIN [61]). Investors withdrew
their investments and some Jatropha lands currently lie idle, whilst others are being used for food crop
production by previous Jatropha farmers [58].

3.2. Transformations in India

In India, Jatropha investment sources and approaches were government-led initiatives through the
Indian Government’s declaration of National Mission on Biofuels in 2003 [62]. The global interest in
biofuel investments aroused the awareness of the Indian Government to invest in Jatropha, [63] as in the
case of Mexico. The government saw Jatropha cultivation as a means to improve soil fertility, contribute
to the reduction of soil erosion, help in the rehabilitation of lands through greening, and create jobs for
local members [63]. Even though several biofuel crops such as palm trees, maize, and sugar cane had
higher attention from the government, Jatropha was ranked as the most preferred biofuel crop based on
the following reasons: the easy cultivation of Jatropha; the faster growth and hardy nature of Jatropha;
the seeds of Jatropha are easy to collect as they are always ready to be plucked before the rainy season;
Jatropha plants are not very tall, but cannot be browsed by animals; the crop is rich in nitrogen; and the
seed cake is a source of plant nutrients. Based on the attributes of Jatropha, the government realized
that the cultivation of the crop could help the country achieve the 20% blending target [62,64]. About
11.2 million hectares of land was needed for the cultivation of Jatropha in the country [64].

Although the major source of investment was expected from the government through its
policy which revealed its total commitment in supporting local actors in Jatropha enterprises, the
implementation saw corporate local actors and farmers using their financial resources for the cultivation
of Jatropha [64].The government policy paid credence to massive local involvement, as well as the
engagement of private and corporate investment through minimum support price mechanizations,
which were proposed in the Biofuel Policy of India [65]. To ensure active and massive local participation
in the production of Jatropha, the government proposed a special support package for the locals who
wanted to be involved in Jatropha cultivation. This proposed support was quite different from Mexico’s
case, as the government never promised to directly incentivize local Jatropha farmers. In the Andhra
Pradesh State of India, the government promoted Jatropha through incentives in the form of free
seedlings provided for farmers, a 90% subsidy for the installation of drip irrigation systems, and free
land preparation under the Food for Work and Assigned Land Development program [62]. Poor
farmers who were assigned lands owned by the government were to be provided with full financial
assistance by the government with 40% secured as a bank loan for the cultivation of Jatropha. In the
state of Tamil Nadu, companies and non-governmental organizations were encouraged to partake in
the cultivation of Jatropha. Thus, India’s Jatropha cultivation was made up of massive local participation,
as well as a few other private entities that were mainly local companies and organizations, due to the
government’s enticing proposals in its policy.

Axlesson and Frazen [62] found that, in certain parts of India, Jatropha was cultivated on
productive lands, but still failed. Therefore, it became very complex for stakeholders to explain why
such production could not yield enough output. Studies also acknowledged that Jatropha has positive
environmental outcomes by reducing the emissions of greenhouse gases [3]. Jatropha production was
perceived to have an insignificant contribution to climate change [66] since the number of plants per
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hectare of Indian farms was unlikely to have an important effect on the uptake of carbon [64]. This
revelation supports the position of Prueksakorn and Gheewala [67] that the cultivation of Jatropha has
insignificant adverse impacts on climate change. Indian engagement in Jatropha production led to
intense pressure on the limited water resources, which was due to the demand of water for irrigation
purposes. Although it is perceived that Jatropha is a drought-resistant crop, farmers realized that
water was needed for positive yields. The government developed a financial plan with the quest to
provide financial incentives, as well as input to support the production of Jatropha by the locals [62].
The government’s failure to deliver its promises affected Jatropha cultivation, and the locals were forced
to use their limited financial resources for the production process, to a point where they could no
longer finance their investments. As a result, they withdrew their efforts. Additionally, the farmers also
had very limited knowledge concerning the cultural practices and maintenance of Jatropha plantations.
Extension officers failed to periodically visit to educate the farmers on the maintenance practices
needed for successful outputs, which also contributed to the disappointing yields. The national biofuel
policy failed to provide clear marketing plans for Jatropha products such as biodiesel, and there were
no communication plans and strategies drawn and implemented to ensure the flow of marketing
information between the farmers and biodiesel producers to ensure sustained demand. This led to
the absence of a market for Jatropha products and made the Jatropha business unattractive for the local
farmers to engage in. Thus, instead of Jatropha investment contributing to poverty alleviation, it further
exacerbated it [62].

Axlesson and Frazen [62] further elaborated that poor cultural practices due to lack of requisite
technical management support from agricultural extension officers paved the way for pests and
diseases to attack Jatropha crops. In Tamil Nadu State, for instance, the pest attacks were generally mild
and could have been tackled with the use of pesticides; however, in a few instances, the attacks were
more severe than expected and this adversely affected the growth of the Jatropha plants, leading to
their forced removal. The common pest identified was the mealy bug, which destroyed several crops.
Jatropha production saw the creation of jobs, but this did not really contribute to advancements in
local livelihoods. Issues on land alienation were virtually absent as the government largely promoted
private land use for the cultivation of Jatropha and incentivized local farmers to use their own land
for the cultivation of Jatropha, which were government lands in some cases [62]. The government,
investors, and local members halted Jatropha investment, and some Jatropha lands are now occupied by
local members, whilst others are yet to be approached. The government subsequently lifted its focus
on Jatropha to a wide array of potential feedstocks including palm trees and sugarcane, with the hope
of producing biofuels at a cost-convenient level [68].

3.3. Transformations in China

Even though China has a centrally controlled economic system, Jatropha investment sources
and approaches leant toward a corporate-led production scheme with close monitoring by the
government. According to Li et al. [69], in 2005, the government of China took the lead in developing
a policy environment to allow for biofuel cultivation, one being the “Renewable Energy Industry
and Development Supervision” policy. This policy paid credence to supporting biofuel plantations
through the selection of a better variety of crops. The government’s initial attention was geared toward
technological research and demonstration projects. Therefore, the government passed the National
Forest Construction Plan in 2006, which aimed to provide about 13 million hectares of energy forest by
2020, as well as supply raw materials for about six million tons of biodiesel. In 2007, several plans of
actions were developed, where significant among them was the “Medium–Long-Term Development
Plan on Renewable Energy”, which paid attention to (i) the production of biofuel plants; (ii) the
establishment of Jatropha-breeding biodiesel experiments in some selected provinces; (iii) an increase
in the yearly target for the utilization of biofuel with an expected increment of 1.8 million liters by
2020; and (iv) the management instruction on financial subsidies supporting crops for energy. In 2011,
the Chinese Biofuel Policy on Biodiesel Fuel Blend had the aim of blending 2–5% biodiesel with 95–98%
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diesel. With these government policies, several governmental bodies were engaged, including the
Chinese Ministry of Finance and the Ministry of Agriculture, to promote the development of Jatropha
production across the country. In Sichuan Province, about 14,667 hectares of land was acquired for
Jatropha cultivation in 2007. Other provinces were Guanjxi and Yunnan. Concerned ministries came
together to coordinate how best the country could engage in the investment of Jatropha to meet their
energy demands and for export [70]. Furthermore, there were plans to increase the cultivation of
Jatropha [70]. The southwestern part of China was seen as a suitable avenue for Jatropha due to the
numerous hectares of unproductive lands for cultivation [71].

The investment sources of Jatropha were from investors in collaboration with the government.
The government mainly played a supportive role, but the actual funds for Jatropha cultivation came
from the investors. The government had an interest in enhancing well-being and dealing with poverty
amongst the rural population; hence, the plan was to allow the locals to engage in the production
of Jatropha. Corporate bodies could employ locals and train them in the production process, thus
ensuring higher yields whilst enhancing the living conditions of the people [69]. Corporate bodies,
including international investors and individuals, were engaged in Jatropha production. Two provinces,
Sichuan and Guanjxi, were the two predominant centers for the cultivation of Jatropha in China.
Corporate bodies employed community members to work as field workers/laborers for the production
process; thus, the production approach was to make Jatropha production labor-intensive to allow for
employment generation and advancement in local livelihoods.

The Chinese government was unable to achieve its expectation of meeting the growing energy
needs of the local people using Jatropha. According to Li et al. [69], the poor government support,
the limited demand for biofuels produced from Jatropha, and the severe frost led to the withdrawal
of corporate investment, which contributed to the poor outcomes. The poor investment outcomes
made the corporate entities leave without compensating the farmers for their services. In Guangxi, for
instance, a private corporate company known as the Guangxi Zhilian Renewable Energy Company was
involved in the Jatropha investment. The company employed farmers using a contract farming scheme.
The company withdrew its investment within a short period of operation because the company needed
subsidies from the central government, which were not forthcoming. During the periods of operation,
the companies paid the workers through an investor–government coordinated system. This, however,
failed and, as a result, the workers’ livelihoods did not see massive improvements [69]. It is purported
that the heightened interest in biofuel investment led to dynamics in land-use rights and land tenure
security of the local participants [23,72]. However, in China, the Jatropha investment did not alter
land-use rights and tenure security [69]. This was because the lands used were government-acquired
land, and, as such, community members were not affected. However, Jatropha production and
processing expenses escalated its market value higher than fossil products, thereby affecting demand
and profitability. This blocked the investors’ interest, as the government failed to grant them subsidies,
leading to the Jatropha bust [69].

3.4. Transformations in Ethiopia

Even though Ethiopia has a centralized controlled economic system, the Jatropha investment
sources and approaches leant toward a corporate-led production scheme with close monitoring
by the government using the “Open-Door Policy” [73–76]. The Jatropha era saw Ethiopia as an
attractive destination for advanced countries to undertake large-scale investment in biofuel production,
particularly in Jatropha. Faced with global pressures from foreign-based investors, the government
was concerned about how the country could take advantage of the Jatropha hype to create a greener
economy and produce energy to meet the local needs. The government developed the Biofuel Strategy
to ensure that its aims were achieved [73]. The strategy paid attention, first and foremost, to ensuring a
green economy using Jatropha biofuel production, as well as improving agriculture, ensuring natural
resource management, and alleviating poverty in the country [74]. Jatropha investment was fueled by
two main forces: the government’s quest to secure energy through local production and global forces
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due to the increase in demand for biofuels on the international market [75]. In 2006, a biofuel company
known as Sun Biofuels in the United Kingdom (UK) started its Jatropha investment in the country. By
2010, Ethiopia had about 83 licensed foreign companies to invest in biofuel production [76]. Bossio
et al. [77] revealed that foreign direct investments in Jatropha amounted to 50% of the total foreign
investment in the country in 2011. A land deal matrix in 2012 indicated that about 1,360,670 hectares
of land was released for biofuel projects with more than 700,000 hectares being used for Jatropha
investment [78]. The global interest and pressure on Ethiopia influenced the government to make
two main policy changes. The first was the government’s introduction of the Ethanol Blending Policy,
and the second was the changes made to the agriculture development and taxation policies, making
the country an attractive center for foreign biofuel investors. This policy, from the perspective of
Rahmato [79], was known as the “Open-Door Policy”. In 2007, the government further developed a
“desperate” policy dubbed the Biofuels Development and Utilization Strategy [75]. The policy spelt
out the approach to enhance biofuel production and use within the country, and marginal lands of
about 23.2 million hectares were earmarked for commercial Jatropha production [80].

The major source of investment was from foreign investors. The investors acquired large land
sizes for Jatropha enterprises, and the government played a facilitating and supporting role in the
entire Jatropha experience [75,76]. The flexible and open-door policy of the Ethiopian government saw
the influx of foreign investors acquiring large hectares of land for Jatropha. The corporate investors
employed the local people to work on the plantations on a paid scheme. Some of the locals were
permanent workers whilst others were temporal. The production approach involved the use of both
labor and machines on the plantation farms [81].

The government was very much interested in ecological integrity, which explains why the
Climate-Resilient Green Economy Strategy was developed. The Jatropha investment did not make
any significant contribution to a greener economy in Ethiopia after the bust, but Portner et al. [73]
indicated that the Jatropha production had great potential of reducing soil erosion and retaining
water for agriculture production in Ethiopia. In terms of livelihood benefits, Jatropha failed, as its
production did not make any substantial impact on positive livelihood transformations. Jatropha could
not be used to alleviate poverty, which explains why Portner et al. [73] elaborated that, for farmers
to have economically benefited from Jatropha, there had to have been measures placed on their
workloads, the local processing of seeds, training programs, and market interconnectedness for Jatropha.
The investment saw the local farmers’ land alienation, which served as their economic asset. Power
holders and investors did not have respect for local land rights, and, as such, individuals whose
farms were on the investors’ acquired land were alienated, and this worsened the poverty in the
project-affected communities [7]. Some local communities did not support the Jatropha project and/or
were promised developmental co-benefits such as basic infrastructure and employment opportunities.
The findings confirmed the assertion of the UN-Energy1 [82] that biofuel production such as Jatropha
plantations did not entirely benefit the poor farmers; rather, they put them into “deeper” poverty. This
explains why Openshaw [2] indicated his doubt in Jatropha as a “poor man’s crop”. In the direction of
the implications of the Jatropha investment on food production, the study by von Maltilz et al. [81]
in Niqel, a Jatropha investment destination in Ethiopia, revealed changes in food availability and
accessibility due to income received from the involvement of the locals in the Jatropha production
process. According to their study, the changes were mixed. In some areas, food production was
negatively affected, as farmers using grazing and farmlands for rotational farming were alienated.
The widespread outcome of Jatropha was negative, as investment proved impracticable to continue.
Hence, they abandoned their acquired lands, thus allowing local farmers to utilize some areas of the
Jatropha land for food crops [81].

3.5. Transformations in Mozambique

Even though Mozambique has a centralized economic system, Jatropha investment sources and
approaches leant toward a corporate-led production scheme with close monitoring by the government.
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Mozambique is amongst the countries where Jatropha investment took place. As indicated by
Mataveia [83], the country is highly dependent on the international market with about 700,000 cubic
meters in the annual consumption of petroleum products. During the phase of global forces for the
widespread production of biofuel crops such as Jatropha, Mozambique also needed to enhance its energy
security and reduce its over-dependence on international oil products. According to Schut et al., [57]
the National Biofuel Policy and Strategy (NBPS) for the country was, therefore, developed in 2009
based on the following motivations: the unstable and volatile nature of oil prices in the world market;
biofuel as an alternative energy product to reduce the dependency on fossil fuels; and the reduction in
the emission of greenhouse gases (GHGs), as well as encouraging the use of safe and clean energy in
the country [83]. The policy further emphasized poverty reduction and focused on encouraging private
sector participation through collaboration and networking with the government, ensuring cross-sectoral
coordination in the country through strengthening inter-institutional collaborations and frameworks
comprising ministries, departments and agencies, tertiary institutions (notably, universities), financial
bodies, non-governmental organizations, and civil groups in biofuel development. The country further
deployed the Kyoto Protocol Mechanisms and other international instruments with the quest to speed
up the utilization of green fuels and to make an impact on the environment through the reduction of
greenhouse gases (GHS) [83].

The major sources of investment were from the central government’s coffers and corporate
funding. The government established a network with interested private investors both locally and
internationally to ensure effective investment in Jatropha enterprises in the country [81]. The government
allowed the private sector to take dominance in Jatropha cultivation, which allowed the locals to obtain
employment in the Jatropha companies. The private companies partnered with the government during
the production processes, and the local people participated in Jatropha cultivation on individual farms.
The government had the intention to collaborate with the tertiary institutions to provide theoretical
footprints to support the investment [81], but this was unsuccessful. During the production processes,
the government mainly focused on small holders and communities by supporting them to cultivate
Jatropha. Key production actors were foreign investors, local private entities, and individual farmers,
who either worked for the investors or planted Jatropha on their own.

The government of Mozambique showed great commitment to Jatropha. Even with poor initial
production outcomes in 2007, the government encouraged investors to continue with the Jatropha
project by providing tax incentives [84]. Regardless of such incentives, Jatropha failed as a biofuel crop.
Jatropha business was unprofitable, and the farmers withdrew their investment and efforts [85]. Instead
of Jatropha becoming a safety net, it became a huge risk venture for the local people. Mozambique was
noted to have used large hectares of land for Jatropha cultivation [86–88], and, during the investment,
issues on land rights and tenure security became a critical development challenge in the country.
Aggrieved community members closer to the investment sites did not support the project since their
lands were taken from them without their due consent. Mozambique also had issues with the influx of
diseases and pests [84], where the adverse effects of these diseases and pests are yet to be made known.
Generally, van Eijck et al. [89] noted that Jatropha production in Mozambique received mixed results on
the farmers’ food production. This is because, whilst some community members stated that Jatropha
production adversely affected their food production, others witnessed improvements in meeting their
food needs. Schut et al. [57] realized that the outputs and income obtained from Jatropha production
were lower compared to other crops; thus, it was better to utilize available land space to produce cash
or food crops instead of Jatropha. In terms of job creation, Bos et al. [85] postulated that many of the
locals were employed by investors during the Jatropha experience. The study by Romijn et al. [90]
confirmed that more than 500 permanent jobs were created due to the investment decision in favor
of Jatropha.
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3.6. Transformations in Ghana

Jatropha investment sources and approaches in Ghana were similar to those in Mozambique and
Ethiopia, where there was a corporate-led production scheme with some monitoring mechanisms and
interest from the government. The Jatropha investment in Ghana was started by a corporate entity
known as Annuanom Industrial Project Limited [91]. In 2003, this entity called on the government to
consider Jatropha investment as an innovative avenue to ensure local development transformations [92].
Through background studies, the government was convinced to commit its resources to Jatropha
investments. According to Ahmed et al. [93], a National Jatropha Project Planning Committee was set up
to assist in establishing Jatropha plantations in the country. The committee recommended pilot Jatropha
plantations in 53 districts over a period of five to six years, on unproductive and dormant lands [94,95].
The government was expected to lead the Jatropha investment initiative by engaging local farmers to
transform their livelihoods positively [92]. The committee suggested that these farmers should be
trained extensively by Ghana’s agriculture ministry [96] to ensure that they gained knowledge on the
agronomy practices of Jatropha. A market strategy specified that the government should purchase the
outputs of the farmers as the biofuel policy-mandated government-owned vehicles were to run on
biodiesel on a minimum of B20 [96].

Technoserve [97] unveiled that the Ghanaian government had two biofuel crops to choose from:
oil palm and Jatropha. The government made its choice in favor of Jatropha and decided to pump
funds toward its cultivation. The Ghana Energy Commission [98] confirmed that the government
was dedicated to Jatropha investment because of the huge importation cost of crude oil in 2004, which
ranged from around United States dollars (USD) 516.8 million to USD 816.1 million. Unfortunately,
the intended Jatropha project to be implemented by the government in the selected districts came to
a halt when Ghana discovered crude oil in 2007. Therefore, both foreign and local investors were
granted the opportunity to invest in Jatropha [99]. These investors acquired large stretches of land for
Jatropha plantations [21,91] through negotiations with the chiefs [100]. Energy-inclined civil society
groups such as the Kumasi Institute of Technology, Energy, and Environment (KITE-Ghana), the Gratis
Foundation, and New Energy-Ghana also engaged in Jatropha investment, but on a smaller scale with
funding support from United Nations Development Programme (UNDP). These organizations had an
interest in using Jatropha to have a positive impact on communities [101,102].

Jatropha investment in Ghana generally unfolded transformations as unsatisfactory development
outcomes for both investors and local communities. In a study conducted by Timko et al. [26], several
outcomes were identified in some selected Jatropha investment sites in Ghana. Firstly, an average of
55.5 acres of land utilized by farmers were taken over by investors for large-scale Jatropha production.
The takeover of farmers’ land was never expected, as the motivation for the push for Jatropha was that
Jatropha could be successful on marginal lands (supported by Reference [53]). Hence, there was the
stance that local farmers would not be alienated from their farmlands [103]. Most of the large-scale
investments were featured on productive lands, leading to the alienation of farmers. The second
revelation by Timko et al. [26] was the failure of large-scale Jatropha investments to massively impact
infrastructure growth and expansion. Except for the Jimle/Kpachaa investment destination, the Jatropha
investment communities never benefited from the investors in terms of infrastructural provisions.
This revelation runs parallel to the stance of Brittaine and Lutaladio [104] that Jatropha investment
could trigger the provision of rural-based infrastructure for local transformation. In many of the
Jatropha centers, jobs were created, but this did not have substantial economic improvements in affected
communities. In fact, community members were generally worse off due to the large-scale Jatropha
cultivation [105].

Jatropha investments also led to conflict of varying types [105] amongst the various interest groups,
including investors, farmers, traditional authorities, and government agencies. The cause of the conflict
was triggered by the following conditions: the lack of community participation and official notifications
of the affected individuals during the periods of Jatropha investments; the meager and inconclusive
compensation packages; the lack of transparency in the lease arrangements; the lack of trust in the
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overall negotiation process for Jatropha investments; ambiguous land ownership structure; and the lack
of alternative productive agricultural lands for dispossessed farmers. Acheampong and Campion [105]
vied that Ghana’s Jatropha investment outcomes in the initial stages were indications that large-scale
Jatropha plantations may not help the country attain the proposed ecological and livelihood benefits
from Jatropha as widely spread in secondary sources.

4. Discussion

This review shows that, in all of the previously Jatropha-producing countries considered, none of
them were committed to initiating scientific studies on the crop before jumping into its investment [47].
The general enticing attributes granted to the crop were enough to lure these countries to invest in the
crop, thus placing huge expectations on the crop as a “miracle” to solve most of their development
expectations. Indications including Openshaw’s [2] provisions that Jatropha could rapidly spearhead
economic growth provided a sound ground for the countries to jump into its cultivation. The motivations
of countries were manifested through the initiation of biofuel policies with various levels of targets
within a specified period. However, as the biofuel policies of the six reviewed countries hinged on
specific investment opportunities in favor of green fuel in such countries, the central and common
reason for the quick jump to Jatropha investment without commensurate and proper empirical research
works was due to the quest to become energy autonomous.

The researchers were not totally pessimistic about Jatropha, as there were wide expectations for
the young crop in a new system with no previous extensive practically scientific proven research.
There was no local level research to prove country-specific conditions and the suitability of Jatropha,
genetic composition, characteristics of Jatropha, its soil requirements, suitability, agronomy practices,
marketability, and other undisclosed information about the crop. In Ethiopia, Mozambique, and
Ghana, where land is the greatest asset for rural livelihoods, there was no critical consideration
granted to land issues in terms of how best to incorporate Jatropha investments without local land
denial and subsequent land alienation. The research, thus, acknowledged that the time for Jatropha
investment was generally wrong, since it was the period for in-depth studies and knowledge-sharing
amongst countries before gradual investments were started. The period was. thus, “research to prove
before production” instead of the “wait-and-see approach after production” [106], which was an “easy
way out and a short-cut to meet doubtful expectations”. The wait-and-see approach, according to
Gordon et al. [107], is a deferment approach. The deferment approach is due to the uncertainties
associated with the potential allocation of information breaches. This uncertainty is the result of the
potential vulnerabilities and threats associated with breaches. Due to these uncertainties, it may be
rational to take a wait-and-see approach. In the case of Mexico, it was obvious that the local systems of
Jatropha investment needed improvement through training and capacity building before the actual
Jatropha investment, but this never took place. In the Indian case, the government was not financially
prepared for Jatropha investments, and vague promises were made without fulfilment; as such, no one
expected positive outcomes from the Jatropha investment in the country. The Chinese case also saw
limited support offered by the government to corporate Jatropha investors, which led them to pull
out from the investments. Perhaps, if the government had positioned itself to substantially support
corporate bodies through subsidies during the investment, the development outcomes would have
been positive. In Ethiopia, Mozambique, and Ghana, foreign investors rushed to invest without giving
recognition to the traditional land rights of the locals. Without this social license from the tradition
land-owners and users, instituting a successful business will always be contentious without local
support. Figure 2 presents a summary of the global transformation creation trajectory through Jatropha
investment and its diversity based on the approach to investment.
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Figure 2. Global transformation trajectory through Jatropha investment.

Transformations in Government- versus Corporate-Led Jatropha Investment

Transformations of Jatropha investment took two main forms, that is, production initiated by the
government and production initiated by corporate or private investors. In all six countries considered
in the research, Jatropha production failed whether it was led by the government or by corporate
investors. In Mexico and India, Jatropha investment was a national agenda with the government
taking direct involvement in the cultivation process. The Chinese embraced a mix of socialist and
capitalist approaches, but the government was somewhat reluctant to inject subsidies into the Jatropha
initiative. Although Ethiopia and Mozambique have a centralized government control system, the
corporate agenda (capitalist approach) was embraced. In Ghana, it was corporate-led in a decentralized
democratic system. Based on the corporate production approach adopted by these countries, there
were diversities in terms of the environmental, economic, and social transformations after the collapse



Sustainability 2019, 11, 3371 14 of 23

of Jatropha. From the narrative, government involvement (socialist approach) tried to put “people”
at the center of the investment, whilst corporate investors (capitalist approach) placed emphasis on
“profit”. In relation to the differences in priorities, government-led production focused on “marginal
lands”, instead of “productive lands” occupied by indigenous and tenant farmers [48,63,69,74,93].
Thus, the rate of environmental destruction for government-led production was lower than that of
corporate investors. In fact, government-led production tried putting environmental integrity at the
core of its investment. In India, for instance, Zafar [63] reiterated that the government involvement in
Jatropha production was aimed at reducing soil erosion and the rehabilitation of land for the benefit
of communities. The use of marginal lands in Mexico by the government also meant that Jatropha
cultivation would not consume the green vegetation of communities [57]. In the Yucatan State, Mexico,
the government tied Jatropha production to afforestation/reforestation with some hectares of land used
specifically to expand forest. Chinese government engagement in the investment also led to extensive
use of marginal lands, thus safeguarding productive land for the production of food crops.

In relation to corporate investors, the top priority of “profit” meant that lands as livelihood assets
for host communities were taken away from them, and forested landscapes were transformed to
large-scale Jatropha plantations, as in the case in Ethiopia, Mozambique, and Ghana. Flexibility in the
use of abandoned lands by both the government and corporate investors varied sharply. In most of
the government-led projects, local farmers were advised to use their lands for Jatropha production.
After the poor outcomes of the initial investment, farmers later transformed their lands back to food
crop production with ease. The marginal lands designated by the government for Jatropha lay idle,
probably due to the fear of low fertility to support farming or the complexities associated with using
government lands for personal projects [107]. In Mexico, India, and China, for instance, where there
was some active form of government participation, lands used for the investment still lie dormant.
With the corporate investors, once they were unable to realize gains from their investment, they
left their lands dormant, and some community members ended up using such land for their own
farming. In Ethiopia, Mozambique, and Ghana, where investments were predominantly led by private
investors, some farmers returned to the Jatropha lands for farming purposes [81,86,88]. The subsequent
re-transformation of land back to farmland helped advance the livelihood of such farmers, although
they can be alienated at any point in time, especially when another investment sets in. There were
also instances where corporate lands were re-leased to other private investors for investment; hence,
farmers still faced alienation despite the bust of Jatropha projects in their communities.

The social implications associated with government- versus private-led investment varied.
Whilst land-resource conflict became the hallmark of private investment due to alienation and unfair
compensation, government-led investment intensified social capital, helping concretize social cohesion.
In Ethiopia, Mozambique, and Ghana, where investment was intensified by private actors, issues on
land rights became critical, leading to investor–farmer conflicts in the host communities [73,83,105].
This conflict affected social relations, and somewhat interrupted the operational peace investors needed
for sound investment. In the case of government-led investments, government-owned lands were
used; hence, issues of eviction were negated [55]. Again, farmers were encouraged to use their own
lands for Jatropha cultivations. This solidified the unity of work, as farmers had to coordinate efforts
and share responsibilities for the cultivation of a common crop, Jatropha. As a result, government-led
investment did not create social disturbances vis-à-vis private investments.

In countries where Jatropha projects were led by the government, particularly in India, the
government’s intentions and plans were to encourage local farmers through incentive-driven
approaches, even though they were not successful. However, the government continually provided
the leading role, allowing farmers and agro-business groups to use their own resources for investment.
Jatropha was planted on a large-, medium-, and small-scale basis, depending on the financial viability
of the entities and individuals involved. Ethiopia, Mozambique, Ghana, and China, to a certain extent,
saw the direct participation of corporate bodies in Jatropha investment. These corporate bodies were
both local and foreign-based entities. The greatest proportion of foreign investors (corporate bodies)
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featured their investment in these countries due to the government’s “open-door policy”. Unlike in
Mexico and India, Jatropha in Ethiopia, Mozambique, and Ghana was basically instigated on a large
scale, with investors acquiring large tracts of land for their investments. Although there was land-use
change, issues regarding land takeovers and the recognition of local land rights were rare in Mexico,
India, and China due to the wide use of marginal lands (especially in Mexico and China) and the
farmers’ decision to use their own lands for Jatropha (India). In contrast, issues of land-use rights and
tenure security became a critical development issue in Ethiopia, Mozambique, and China, as many
local farmers were evicted from their lands without their approval or commensurate compensation.
This affected local agriculture, with direct negative implications on food security. Concerns about food
insecurity were also common in Mexico and India, where new pests and diseases were introduced,
thus affecting food crops. Particularly in Mexico, the case was further worsened by some of the farmers
deciding to vacate crop production for Jatropha cultivation. China very rarely had issues concerning
the negative outcome of Jatropha on food production as marginal lands were predominantly used for
Jatropha cultivation.

Jatropha investment led to the creation of temporal jobs for the local actors involved, but this
did not really enhance the livelihood outcomes. In all six cases, Jatropha was unprofitable; as such,
the target of meeting global energy needs through biofuel was dashed. This led to the Jatropha bust,
with governments shifting their policy focus from Jatropha to make room for evidence-based research,
refocusing their attention on a wide range of possible agro-fuel crops. Actors, including governments,
local agro-business groups, farmers, and foreign investors, largely withdrew their investment due to
the unprofitability of Jatropha. In Mexico, India, Ethiopia, Ghana, and Mozambique, some acres of
Jatropha lands are used for the cultivation of other crops either by farmers or other investors, whilst
other portions are yet to be used. Since marginal lands were used for Jatropha in China, the lands
are still idle after the cessation of investment. Generally, Jatropha failed because of the quick leap
to its investment without commensurate empirical studies, especially at country-specific levels to
prove/disprove the heightened proclamation on the crop. Jatropha was just an ordinary crop, instead of
the fancy names given to it such as “wonder crop”, “miracle crop”, etc.

The ongoing discussions imply that interventions based on lessons from both government-led
and private-initiated investment need variations to critically address the outcomes associated with
large-scale investment projects. There is a need for critical scrutiny and policy-based initiatives to
comprehensively address the problems associated with large-scale investments either initiated by the
government or by private individuals.

Currently, these countries have come to terms with the uncertain path of Jatropha transformation.
Transformation patterns ultimately followed policy, investment, and land-use transformations (see
Table 1). Thus, biofuel policy attention shifted from Jatropha to other feedstocks, investment toward
Jatropha transformed to other crops or to no investment, and land use for Jatropha was transformed to
farming grounds by either smallholders/other investors or to total abandonment without any crop
production. Jatropha transformation led to socio-economic and environmental outcomes, with their
diversities widely dependent on the perspective from which such investments were tackled, either
led by the government (Mexico and India), corporate investors (Ethiopia, Mozambique, and Ghana),
or concurrently by the government and corporate investors (China). As inferred from Deming [30], and
Dazko and Sheinberg’s [31] theory of transformation creation, the socio-economic and environmental
outcomes of Jatropha transformation in these six countries as the initial uncertain destinations led to new
discoveries and learning, especially toward an effective response to inform future investments. These
countries have, therefore, come to terms with the outcomes of investment transformation (system)
change through the path of transformation; thus, vast potential lessons exist for them to tap into so
as to drive future agro-investment in a positive direction. Table 1 shows a summary of the reviewed
literature on transformation creation through global Jatropha investment of the six selected previous
Jatropha-producing countries, and their patterns of transformation vis-à-vis policy, investment, and
land use.



Sustainability 2019, 11, 3371 16 of 23

Table 1. Global perspective of transformation creation in different Jatropha centers.

Country

Support Sources:
Government- versus

Corporate-Led Jatropha
Investment

Transformation

Policy
Transformation Environment, Social, and Economic Transformation Investment

Transformation Land-Use Transformation

Mexico

- Government-led
- Investors/

agro-industries

National Biofuel
Policy attention
shifted from Jatropha.

- Land: Limited negative outcomes recorded on
tenure issues.

- Food security: Food production affected especially
maize and beans; new pests and diseases.

- Employment: Jobs created through agro-industries.
- Energy security: Failure to meet biofuel targets.

- Withdrawal of
investment by both
government
and investors.

- Farmers diverted the land
to cultivation of
food crops.

- Marginal lands are idle.

India

- Government-led
support (but this
turned to be limited)

- Farmers’
own resources

- Finance from
local enterprises

National Biofuel
Policy attention
shifted from Jatropha.

- Land: Limited land tenure issues.
- Food security: Pests and diseases introduced via

Jatropha which affected food crop production.
- Employment: Jobs created via Jatropha production at

the local level.
- Energy security: Failure to meet biofuel targets.

- Withdrawal of
investment by both
government
and investors.

- Community members
took over some lands
whilst others are yet to
be utilized.

China

- Corporate-led
- Investors in

collaboration with
the government

National Biofuel
Policy attention
shifted from Jatropha.

- Land: Limited land tenure issues.
- Food security: Food production and availability

were not affected by Jatropha.
- Employment: Jobs were created through

contract farming.
- Energy security: Failure to meet biofuel targets.

- Investment
withdrawn by
investors and
government’s
interest dwindled.

- Lands lie dormant.

Ethiopia

- Corporate-led
- Government support

Foreign direct
investment (FDI)

National Biofuel
Policy attention
shifted from Jatropha
toward resilient
Policy on
Agriculture
Modernization

- Land: Issues on land-use rights and tenure security
became a critical development concern.

- Food security: Jatropha somewhat affected food
production as grazing areas and farmlands used for
rotational farming were alienated.

- Employment: Contract jobs were created, but
payments were neither fair nor competitive.

- Energy security: Failure to meet biofuel targets.

- Investment on halt
in some areas.

- Investment shifted
to other crops in
other areas.

- Lands used for other
crops by investors.

- Farmers took over
their lands.
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Table 1. Cont.

Country

Support Sources:
Government- versus

Corporate-Led Jatropha
Investment

Transformation

Policy
Transformation Environment, Social, and Economic Transformation Investment

Transformation Land-Use Transformation

Mozambique

- Corporate-led
- Government support
- Corporate funding

National Biofuel
Policy attention
shifted from Jatropha.

- Land: Issues on land-use rights and tenure security
became a critical development concern.

- Food security: Mixed results. Pests and diseases
introduced via Jatropha which affected food crop
production in some cultivated parts.

- Employment: Jobs were created via
corporate bodies.

- Energy security: Failure to meet biofuel targets.

- Investment diverted
to other crops
by investors.

- Other investors
completely
withdrew
their investments.

- Lands used for other
crops by investors.

- Farmers took over
their lands.

Ghana

- Corporate-led
- Government support
- Foreign direct

investment (FDI)
- Non-Governmental

Organization
(NGO) support

National Biofuel
Policy attention
shifted from Jatropha
toward resilient
Policy on
Agriculture
Modernization

- Land: Issues on land-use rights and tenure security
became a critical development concern.

- Food security: Jatropha somewhat affected food
production as grazing areas and farmlands used for
rotational farming were alienated.

- Employment: Contract jobs were created, but
payments were neither fair nor competitive.

- Energy security: Failure to meet biofuel targets.

- Investment diverted
to other crops
by investors.

- Other investors
completely
withdrew
their investments.

- Lands used for other
crops by Jatropha
investors/new investors.

- Farmers took over their
lands but with no tenure
security on land.
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5. Conclusions

The global recognition given to Jatropha as a “wonder crop” was clearly a bust. The major
investment destinations reviewed in this paper failed to achieve their expected results in terms of
alleviating local and global energy poverty, reducing the greenhouse gas (GHG) emissions, and
enhancing local livelihoods and development. The review established that the intended goal for
establishing global Jatropha investment, which was to serve as an alternative source of fuel, failed
because of the unexpected complexities of the uncertainties and the ubiquitous nature of the hype, which
dwelled on the wait-and-see (that is, the deferment option) approach for global Jatropha investment.
These frustrations caused governments and investors to lose interest in Jatropha. It should be accepted
that Jatropha was over-hyped, in the absence of extensive and convincing scientific research works.
Jatropha will not gain popular attention any longer, as countries seem reluctant to massively pay
credence to its re-investment. Notwithstanding, the current phase of Jatropha transformation in the
studied countries calls for them to move forward, as countries need to appreciate diversity in policy
interventions in relation to key factors that lead to the investment implementation processes. This
is premised on the fact that the outcomes of the Jatropha transformations in the countries studied
are parallel to that which was premised, but not based on the approach and perspective to which
Jatropha investments were tackled. Differences in socio-economic and environmental outcomes call for
these countries to reflect upon the existing potentials and constraints created for responsive policy
measures toward their biofuel sectors. Currently, these countries have transformed their biofuel policy
attention from Jatropha to other feedstocks, and it is expected that these transformed policies will take
precautions based on lessons learnt from the previous investments, as well as the current situations
that are presented as an outcome through their respective travels on the path of transformation [30,31].
We support the shift in policy attention, since we are not all that pessimistic about the economic and
production viability of Jatropha (even if treated with adequate responsibility). Perhaps considerable
attention granted to other feedstocks, as these countries adopted, might have a future as a better
alternative source of energy. It is expected that countries which embrace similar investment approaches,
for instance, Mexico and India for government-led investment, and Ethiopia, Mozambique, and
Ghana for corporate-led investment, might have some interrelated responses. Policy measures should,
however, deeply reflect the peculiar dynamics in each country for effective outcomes.

Our research incites policy lessons that the adoption and promotion of any new crop must be based
on incremental measures for sound policy responsiveness and implementation. The “quick jump” to any
new crop by countries just because it is widely propagated by the international community as a response
to a particular development need is not adequate enough for mere acceptance. Thought-provoking
policy measures are needed, premised on wide consultation and a participatory paradigm characterized
by in-depth empirical research within a particular country. As suggested by Muys et al. [36], policy
measures toward the adoption and promotion of new crops should hinge on viable data from proposed
investment communities, as well as a cost–benefit analysis of the outcomes of such investments.
Even if this proves satisfactory, initial investment based on experimental trials in selected locations
should be embraced as the first step, as this can help to unravel peculiar uncertainties and problems
associated with such crops, as suggested by Soto et al. [108]. Another insightful policy implication
of these findings is centered on policy interconnectedness, and the need for countries to be aware
of and appreciate such connections for effective measures. Lempert [37] revealed that a single
policy implementation is usually insufficient to tackle a particular development problem. Therefore,
there is a need for national governments, corporate investors, and other important stakeholders to
understand that the policy environment is a system made up of a network of several policies that work
interrelatedly to address a particular development need [109]. This policy system is also applicable to
the emergence and promotion of a new crop, which is likely to present solutions to a development
problem. Ultimately, government and private investors must sufficiently reflect on the suitability of
endorsing new investment initiatives before accurately appraising the investment viability. Even if
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there is such an endorsement, the aftermath of the failures of such initiatives should be appraised to
understand the impacts of the failure to transform the system.

Author Contributions: The lead author, R.A.-B., conceived the idea and prepared the manuscript under the
supervision of, and with contributions from A.Z., K.O., and A.A.

Funding: This project was funded by the Netherlands Organization for Scientific Research (NWO).

Acknowledgments: This project was supported by the Netherlands Organization for Scientific Research (NWO).
The funding was granted as part of a program dubbed Conflict and Cooperation over Natural Resources (CoCooN).

Conflicts of Interest: The authors declare no conflicts of interest.

Notes: UN-Energy is a collaborative framework for all United Nations (UN) bodies that contributed to energy
solutions. It was born out of the 2002 World Summit on Sustainable Development (WSSD) in Johannesburg,
South Africa.

References

1. Sulle, E.; Nelson, F. Biofuels, Land Access and Rural Livelihoods in Tanzania; IIED: London, UK, 2009.
2. Openshaw, K. A review of Jatropha curcas: An oil plant of unfulfilled promise. Biomass Bioenergy 2000, 19,

1–15. [CrossRef]
3. Achten, W.M.; Maes, W.H.; Aerts, R.; Verchot, L.V.; Trabucco, A.; Mathijs, E.; Singh, V.P.; Muys, B. Jatropha:

From global hype to local opportunity. J. Arid Environ. 2010, 74, 164–165. [CrossRef]
4. Achten, W.M.; Mathijs, E.; Verchot, L.; Singh, V.; Aerts, R.; Muys, B. Jatropha biodiesel fuelling sustainability?

Biofuels Bioprod. Biorefin. 2007, 1, 283–291. [CrossRef]
5. Achten, W.M.J.; Verchot, L.; Franken, Y.J.; Mathijs, E.; Singh, V.P.; Aerts, R.; Muys, B. Jatropha bio-diesel

production and use. Biomass Bioenergy 2008, 32, 1063–1084. [CrossRef]
6. Bassey, N. The Agrofuels Debate in Africa: Challenges and Opportunities. In Proceedings of the Ecological

Agriculture: Mitigating Climate Change, Providing Food Security and Self-Reliance for Rural Livelihoods in
Africa Conference, Addis Ababa, Ethiopia, 26–28 November 2008.

7. Jingura, R.M.; Matengaifa, R.; Musademba, D.; Musiyiwa, K. Characterization of land types and
agro-ecological conditions for production of Jatropha as a feedstock for biofuels in Zimbabwe. Biomass
Bioenergy 2011, 35, 2080–2086. [CrossRef]

8. Tsegaye, W.; Glantz, M.H. Biofuels in Africa: A Path Way to Development; Occasional Paper No. 43; International
Research Center for Energy and Economic Development: Boulder, CO, USA, 2011.

9. Timko, J.A. An Analytical Framework for Assessing the Impacts of Jatropha Curcas on Local Livelihoods.
In Conflict and Cooperation over Natural Resources in the Global South: Conceptual Approaches; Bavinck, M.,
Pellegrini, L., Mostert, E., Eds.; CRC Press, Taylor and Francis Group: Boca Raton, FL, USA, 2014; pp. 173–191.

10. Bosch, C.; Zeller, M. The impacts of wage employment of jatropha plantation on income and food security of
rural households in Madagascar—A panel data analysis. Q. J. Int. Agric. 2013, 52, 119–140.

11. Food and Agriculture Organization. The Gender and Equity Implications of Land-Related Investments on Land
Access, Labour and Income-Generating Opportunities in Northern Ghana: The Case Study of Integrated Tamale Fruit
Company; FAO: Rome, Italy, 2013.

12. Dias, L.A.S.; Missio, R.F.; Dias, D.C.F.S. Antiquity, Botany, Origin and Domestication of Jatropha Curcas
(Euphorbiaceae), a Plant species with potential for biodiesel production. Genet. Mol. Res. 2012, 11, 2719–2728.
[CrossRef]

13. Leonti, M.; Sticher, O.; Heinrich, M. Antiquity of medicinal plant usage in two Macro-Mayan ethnic groups
(Mexico). J. Ethnopharmacol. 2003, 88, 119–124. [CrossRef]

14. Henning, R.K. The Jatropha Booklet: A Guide to Jatropha Promotion in Africa; Bagani GbR: Weissensberg,
Germany, 2003; pp. 5–33.

15. Nogueira, L.A.H. Perspectivas de un Programa de Biocombustibles en América Central; CEPAL/GTZ: Mexico City,
Mexico, 2004. Available online: https://repositorio.cepal.org/bitstream/handle/11362/25669/LCmexL606_es.
pdf?sequence=1&isAllowed=y (accessed on 1 June 2019).

16. Bassey, N. Agrofuels: The corporate plunder of Africa. Third World Resur. 2009, 223, 21–26.
17. Hill, J.; Nelson, E.; Tilman, D.; Polasky, S.; Tiffany, D. Environmental, economic and energetic costs and

benefits of biodiesel and ethanol biofuels. Proc. Natl. Acad. Sci. USA 2006, 103, 11206–11210. [CrossRef]

http://dx.doi.org/10.1016/S0961-9534(00)00019-2
http://dx.doi.org/10.1016/j.jaridenv.2009.08.010
http://dx.doi.org/10.1002/bbb.39
http://dx.doi.org/10.1016/j.biombioe.2008.03.003
http://dx.doi.org/10.1016/j.biombioe.2011.02.004
http://dx.doi.org/10.4238/2012.June.25.6
http://dx.doi.org/10.1016/S0378-8741(03)00188-0
https://repositorio.cepal.org/bitstream/handle/11362/25669/LCmexL606_es.pdf?sequence=1&isAllowed=y
https://repositorio.cepal.org/bitstream/handle/11362/25669/LCmexL606_es.pdf?sequence=1&isAllowed=y
http://dx.doi.org/10.1073/pnas.0604600103


Sustainability 2019, 11, 3371 20 of 23

18. Graham, V.M.; Gasparatos, A.; Fabricius, C. The Rise, Fall and Potential Resilence Benefits of Jatropha in
Southern Africa. Sustainability 2014, 6, 3615–3643. [CrossRef]

19. Food and Agriculture Organization (FAO). The State of Food and Agriculture. Investing in Agriculture for a
Better Future; International Institute of Environmental Development (IIED): London, UK, 2012.

20. Hughes, A.K.; Knox, A.; Jones-Casey, K. Focus on Land Brief in Africa: Pressure on Land from Large Scale Biofuel
Production. Lesson 2; Funded by the Bill and Melinda Gates foundation. IFAD Occasional Paper 2; World
Resources Institute in Partnership with Landesa Rural Development Institute: Washington, DC, USA, 2011.

21. Schoneveld, G.C.; German, L.A.; Nutakor, E. Towards Sustainable Biofuels Development: Assessing the Local
Impacts of Large-Scale Foreign Land Acquisitions in Ghana; World Bank: Washington, DC, USA, 2010; pp. 1–7.

22. Action Aid. Rethinking the Rush to Agrofuels: Lessons from Ghana, Senegal and Mozambique on the Unintended
Consequences of Agrofuels Production for Food Security; Action Aid: Johannesburg, South Africa, 2009.

23. Cotula, L.; Dyer, N.; Vermeulen, S. Fuelling Exclusion? The Biofuels Boom and Poor People’s Access to Land; IIED:
London, UK, 2008.

24. Skutsch, M.; de los Rios, E.; Solis, S.; Riegelhaupt, E.; Hinojosa, D.; Gerfert, S.; Gao, Y.; Masera, O. Jatropha in
Mexico: Environmental and social impacts of an incipient biofuel program. Ecol. Soc. 2011, 16, 11. [CrossRef]

25. Birega, G. Agrofuels Beyond the Hype: Lessons and Experiences from other countries. In Agrofuel Development
in Ethiopia: Rhetoric, Reality and Recommendations; Heckett, T., Aklilu, N., Eds.; Forum for Environment: Addis
Ababa, Ethiopia, 2008; pp. 67–83.

26. Timko, J.A.; Amsalu, A.; Acheampong, E.; Teferi, M.K. Local Perceptions about the Effects of Jatropha
(Jatropha curcas) and Castor (Ricinus communis) Plantations on Households in Ghana and Ethiopia.
Sustainability 2014, 6, 7224–7241. [CrossRef]

27. Hamenoo, S.V.Q. The Effects of Large-Scale Land Acquisition for Jatropha Plantation on Small-Scale
Farmers in Rural Communities in the Asante Akim North District. Master’s Thesis, School of Graduate
Studies Kwame Nkrumah University of Science and Technology, Kumasi, Ghana, 2014. Available
online: http://dspace.knust.edu.gh/bitstream/123456789/7157/1/HAMENOO%2C%20SIMON%20VICTORY%
20QUARCSON.pdf (accessed on 10 July 2018).

28. Aha, B.; Ayitey, J.Z. Biofuels and the hazards of land grabbing: Tenure (in) security and indigenous farmers’
investment decisions in Ghana. Land Use Policy 2017, 60, 48–59. [CrossRef]

29. Farazmand, A. Chaos and transformation theories: A theoretical analysis with implications for organization
theory and public management. Public Organ. Rev. 2003, 3, 339–372. [CrossRef]

30. Deming, W.E. The New Economics; MIT Press: Cambridge, UK, 1993.
31. Daszko, M.; Sheinberg, S. Survival is optional: Only leaders with new knowledge can lead the transformation.

Transformation 2005, 408, 247–7757.
32. Murphy, J.; Hallinger, P. The principalship in an era of transformation. J. Educ. Adm. 1992, 30. [CrossRef]
33. Sarasvathy, S.D.; Dew, N. New market creation through transformation. J. Evol, Econ. 2005, 15, 533–565. [CrossRef]
34. Gleick, J. Chaos: Making a New Science; Knopf: New York, NY, USA, 1987.
35. Wheatley, M. Leadership and the New Science: Discovering Order in a Chaotic World, 2nd ed.; Berrett-Koehler:

Washington, WA, USA, 1999.
36. Muys, B.; Norgrove, L.; Alamirew, T.; Birech, R.; Chirinian, E.; Delelegn, Y.; Ehrensperger, A.; Ellison, C.A.;

Feto, A.; Freyer, B.; et al. Integrating mitigation and adaptation into development: The case of Jatropha
curcas in sub-Saharan Africa. Glob. Chang. Biol. Bioenergy 2014, 6, 169–171. [CrossRef]

37. Lempert, R.J. Shaping the Next One Hundred Years: New Methods for Quantitative, Long-Term Policy Analysis;
Rand Corporation: Santa Monica, CA, USA, 2003.

38. Brenner, R. The agrarian roots of European capitalism. Past Present 1982, 97, 16–113. [CrossRef]
39. Kenney-Lazar, M. Plantation rubber, land grabbing and social-property transformation in southern Laos.

J. Peasant Stud. 2012, 39, 1017–1037. [CrossRef]
40. Keijzer, N.; Lundsgaarde, E. When Unintended Effects Become Intended: Implications of ‘Mutual Benefit’ Discourses

for Development Studies and Evaluation Practices; Working Paper; Ministry of Foreign Affairs of the Netherlands:
Hague, The Netherlands; Radboud University: Nijmegen, The Netherlands, 2017.

41. Koch, D.J.; Schulpen, L. Unintended effects of international cooperation: A preliminary literature review.
In Proceedings of the Unintended Effects of International Cooperation, Hague, The Netherlands, 16–17 January 2017.

42. Downe-Wamboldt, B. Content analysis: Method, applications, and issues. Health Care Women Int. 1992, 13,
313–321. [CrossRef]

http://dx.doi.org/10.3390/su6063615
http://dx.doi.org/10.5751/ES-04448-160411
http://dx.doi.org/10.3390/su6107224
http://dspace.knust.edu.gh/bitstream/123456789/7157/1/HAMENOO%2C%20SIMON%20VICTORY%20QUARCSON.pdf
http://dspace.knust.edu.gh/bitstream/123456789/7157/1/HAMENOO%2C%20SIMON%20VICTORY%20QUARCSON.pdf
http://dx.doi.org/10.1016/j.landusepol.2016.10.012
http://dx.doi.org/10.1023/B:PORJ.0000004814.35884.a3
http://dx.doi.org/10.1108/09578239210014333
http://dx.doi.org/10.1007/s00191-005-0264-x
http://dx.doi.org/10.1111/gcbb.12070
http://dx.doi.org/10.1093/past/97.1.16
http://dx.doi.org/10.1080/03066150.2012.674942
http://dx.doi.org/10.1080/07399339209516006


Sustainability 2019, 11, 3371 21 of 23

43. Kondracki, N.L.; Wellman, N.S. Content analysis: Review of methods and their applications in nutrition
education. J. Nutr. Educ. Behav. 2002, 34, 224–230. [CrossRef]

44. Morse, J.M.; Field, P.A. Qualitative Research Methods for Health Professionals, 2nd ed.; Sage: Thousand Oaks,
CA, USA, 1995.

45. Miles, M.B.; Huberman, A.M. Qualitative Data Analysis: An Expanded Sourcebook; Sage: Thousand Oaks, CA,
USA, 1994.

46. Patton, M.Q. Qualitative Research and Evaluation Methods; Sage: Thousand Oaks, CA, USA, 2002.
47. Banerjee, A.; Halvorsen, K.E.; Eastmond-Spencer, A.; Sweitz, S.R. Sustainable development for whom and

how? Exploring the gaps between popular discourses and ground reality using the Mexican Jatropha
biodiesel case. Environ. Manag. 2017, 59, 912–923. [CrossRef]

48. Montero, G.; Stoytcheva, M.; Coronado, M.; García, C.; Cerezo, J.; Toscano, L.; León, J.A. An overview of
biodiesel production in Mexico. In Biofuels-Status and Perspective; InTech: London, UK, 2015.

49. Solomon, B.D.; Bailis, R. (Eds.) Sustainable Development of Biofuels in Latin America and the Caribbean; Springer
Science & Business Media, 2013; Available online: https://link.springer.com/book/10.1007%2F978-1-4614-
9275-7 (accessed on 10 June 2019).

50. IICA. México—Inicia Yucatán Cuzltivo de Jatropha para Biodiesel; IICA: New Delhi, India, 2010.
51. Zamarripa-Colmenero, A.; Diaz Padilla, G. Areas de Potencial Productivo del Pinon Jatropha Curcus, L., Como

Especie de Interés Bioenergético en Mexico; Boletin No. 16; Oleaginosa: Mexico City, Mexico, 2008; pp. 4–6.
52. Robinson, S.; Beckerlegge, J. Jatropha in Africa: Economic Potential. 2008. Available online: http://www.

wolfsberg.com/documents/Jatropha_in_Africa_Economic_Potential.pdf (accessed on 18 January 2019).
53. Hinojosa, F.I.D.; Skutsch, M. Impactof establishing jatropha curcas t produce biodiesel in three communities

of Michocan, mexico, approached from different scales. Rev. Geogr. Am. Cent. 2011, 2, 1–15.
54. Rucoba, G.A.; Munguía, G.A.; Sarmiento, F.F. Between Jatropha and poverty: Reflections about biofuels

production in temporary lands in Yucatan(Entre la Jatropha ylapobreza: Reflexiones sobre la producción de
agrocombustibles en tierras de temporal en Yucatán). Estud. Soc. 2012, 21, 115–142.

55. Valero, P.J.; Cortina, V.S.; Vela, V.S. The project of biofuels in Chiapas: Experiences of physic nut (Jatropha
curcas) farmers within the rural crisis framework. Estud. Soc. 2011, 19, 120–144.

56. Ariza-Montobbio, P.; Lele, S. Jatropha plantations for biodiesel in Tamil Nadu, India: Viability, livelihood
trade-offs, and latent conflict. Ecol. Econ. 2010, 70, 189–195. [CrossRef]

57. Schut, M.; Slingerland, M.; Locke, A. Biofuel developments in Mozambique. Update and analysis of policy,
potential and reality. Energy Policy 2010, 38, 5151–5165. [CrossRef]

58. Rodriguez, O.A.V.; Vazquez, A.P.; Gamboa, C.M. Drivers and Consequences of the First Jatropha Curcas
Plantations in Mexico. Sustainability 2014, 6, 3732–3746. [CrossRef]

59. Sweitz, S. Sustainability, Biofuels, and the Future in Yucatán. In The Quest for Jatropha Biodiesel and Sustainability
in Yucatan; Ediciones de la Universidad Autónoma de Yucatán: Mexico City, Mexico, 2018; p. 239.

60. Chan, C.J. En proceso el cultivo de 62,000 hectáreas de jatropha en Yucatán. Diario 2010. (In Spanish). Available
online: http://biodiesel.com.ar/3289/cultivo-de-jatropha-para-producir-biodiesel-en-mexico (accessed on
28 August 2018).

61. Global Agricultural Information Network (GAIN). Biofuel Annuals: Uncertainty of the Future of Mexican
Biofuels. Gain Report Number MX2507; GAIN: Washington, DC, USA, 2012.

62. Axlesson, L.; Franzen, M. Performance of Jatropha Biodiesel Production and Its Environmental and
Socio-Economic Impacts—A Case of Southern India. Master’s Thesis, Department of Energy and
Environment, Chalmers University of Technology, Göteborg, Sweden, 2010.

63. Zafar, S. Biodiesel Scenario in India. 2011. Available online: https://www.academia.edu/30151096/Biodiesel_
Scenario_in_India (accessed on 22 October 2018).

64. Romijn, H.A. Land clearing and Green House Gas emissions from jatropha biofuels on African Miambo
Woodland. Energy Policy 2011, 39, 5751–5762. [CrossRef]

65. Ministry of New and Renewable Energy, Government of India. National Policy on Biofuels. 2008. Available
online: https://mnre.gov.in/file-manager/UserFiles/biofuel_policy.pdf (accessed on 5 January 2019).

66. Reinhardt, G.; Gartner, S.; Rettenmaier, N.; Munch, J.; Von Falkenstein, E. Screening Life Cycle Assessment of
Jatropha Biodiesel; IFEU-Institute for Energy and Environmental Research Heidelberg Gmbh: Heidelberg,
Germany, 2007.

http://dx.doi.org/10.1016/S1499-4046(06)60097-3
http://dx.doi.org/10.1007/s00267-017-0848-x
https://link.springer.com/book/10.1007%2F978-1-4614-9275-7
https://link.springer.com/book/10.1007%2F978-1-4614-9275-7
http://www.wolfsberg.com/documents/Jatropha_in_Africa_Economic_Potential.pdf
http://www.wolfsberg.com/documents/Jatropha_in_Africa_Economic_Potential.pdf
http://dx.doi.org/10.1016/j.ecolecon.2010.05.011
http://dx.doi.org/10.1016/j.enpol.2010.04.048
http://dx.doi.org/10.3390/su6063732
http://biodiesel.com.ar/3289/cultivo-de-jatropha-para-producir-biodiesel-en-mexico
https://www.academia.edu/30151096/Biodiesel_Scenario_in_India
https://www.academia.edu/30151096/Biodiesel_Scenario_in_India
http://dx.doi.org/10.1016/j.enpol.2010.07.041
https://mnre.gov.in/file-manager/UserFiles/biofuel_policy.pdf


Sustainability 2019, 11, 3371 22 of 23

67. Prueksakorn, K.; Gheewala, S.H. Energy and Greenhouse Gas Implications of Biodiesel Production from
Jatropha curcas. In Proceedings of the 2nd Joint International Conference on Sustainable Energy and
Environment (SEE 2006), Bangkok, Thailand, 21–23 November 2006.

68. Ministry of New and Renewable Energy. Remap Renewable Energy Prospects for India. 2017. Available
online: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/May/IRENA_REmap_India_
paper_2017.pdf (accessed on 3 February 2019).

69. Li, J.; Bluemling, B.; Mol, A.P.J.; Herzfeld, T. Stagnating Jatropha Biofuel Development in Southwest China:
An Institutional Approach. Sustainability 2014, 6, 3192–3212. [CrossRef]

70. Weyerhaeuser, H.; Tennigkeit, T.; Yufang, S.; Kahrl, F. Biofuels in China: An Analysis of the Opportunities and
Challenges of Jatropha Curcas in South West China, ICRAF Working Paper Number 53; ICRAF: Beijing, China, 2007.

71. Benge, M. Assessment of the Potential of Jatropha Curcas, (Biodiesel Tree,) for Energy Production and Other
Uses in Developing Countries; Agroforestry Office, USAID: Laguna, Philippians, 2006. Available online:
http://www.ascension-publishing.com/BIZ/jatropha.pdf (accessed on 1 January 2019).

72. Rulli, M.C.; Savioria, A.; D’Odorico, P. Globalland and water grabbing. Proc. Natl. Acad. Sci. USA 2013, 110,
892–898. [CrossRef]

73. Portner, B.; Ehrensperger, A.; Nezir, Z.; Breu, T.; Hurni, H. Biofuels for a Greener Economy? Insights from
Jatropha Production in Northeastern Ethiopia. Sustainability 2013, 6, 6188–6202. [CrossRef]

74. Federal Democratic Republic of Ethiopia (FDRE). Ethiopia’s Climate-Resilient Green Economy. Green Economy
Strategy; Environmental Protection Authority: Addis Ababa, Ethiopia, 2011; Available online: https:
//theredddesk.org/resources/ethiopias-climate-resilient-green-economy-green-economy-strategy (accessed
on 10 June 2019).

75. Ministry of Mines and Energy (MoME). Biofuel Development and Utilization Strategy; The Federal Democratic
Republic of Ethiopia: Addis Ababa, Ethiopia, 2007.

76. Ethiopian Biofuels Development Directorate. Assessment of Biofuels Projects Status in Ethiopia; Melca Mahiber:
Addis Ababa, Ethiopia, 2011. Available online: http://melcaethiopia.org/wp-content/uploads/2011/05/Eth_
Biofuel_Assessment-Final.pdf (accessed on 2 March 2019).

77. Bossio, D.; Erkossa, T.; Dile, Y.; McCartney, M.; Killiches, F.; Hoff, H. Water Implications of Foreign Direct
Investment in Ethiopia’s Agricultural Sector. J. Water Altern. 2012, 5, 223–242.

78. International Land Coalition. Global Assembly 2011; ILC: Tirana, Albania, 2011.
79. Rahmato, D. Land to Investors: Large-Scale Land Transfer in Ethiopia; FSS Policy Debate Series No.1; Forum of

Social Studies (FSS): Addis Ababa, Ethiopia, 2011.
80. Wendimu, M.A. Jatropha potential on marginal land in Ethiopia: Reality or myth? Energy Sustain. Dev. 2016,

30, 14–20. [CrossRef]
81. Von Maltitz, G.P.; Gasparatos, A.; Fabricius, C.; Morris, A.; Willis, K.J. Jatropha cultivation in Malawi and

Mozambique: Impact on ecosystem services, local human well-being and poverty alleviation. Ecol. Soc.
2016, 21, 3. [CrossRef]

82. UN Energy. Sustainable Bioenergy: A Framework for Decision Makers; Henceforth UN-Energy: New York, NY,
USA, 2007. Available online: http://www.fao.org/3/a1094e/a1094e00.pdf (accessed on 4 February 2019).

83. Mataveia, M. Biofuel Policy and Strategy for Mozambique. Presented at a Conference on
‘Bioenergy for Sustainable Development in Africa—Lessons learnt from COMPLETE’; Available
online: http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2009_events/CSD_side_event_
NY/Mataveia_-_GBEP_CSD_side_event_140509.pdf (accessed on 10 June 2019).

84. Slingerland, M.; Schat, M. Jatropha Developments in Mozambique: Analysis of structural conditions
influencing Niche-Regime Interactions. Sustainability 2014, 6, 7541–7563. [CrossRef]

85. Bos, H.L.; Slingerland, M.A.; Elbersen, W.; Rabbings, R. Beyond Agrification; twenty years of policy and
innovation for non-food application of renewable resources in the Netherlands. Biofuels Bioprod. Biorefin.
2008, 2, 343–357. [CrossRef]

86. Cuvilas, C.A.; Jirjisa, R.; Lucas, C. Energy situation in Mozambique: A review. Renew. Sustain. Energy Rev.
2010, 14, 2139–2146. [CrossRef]

87. Batidzirai, B.; Faaij, A.P.C.; Smeets, E. Biomass and bioenergy supply from Mozambique. Energy Sustain.
Dev. 2006, 10, 54–81. [CrossRef]

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/May/IRENA_REmap_India_paper_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/May/IRENA_REmap_India_paper_2017.pdf
http://dx.doi.org/10.3390/su6063192
http://www.ascension-publishing.com/BIZ/jatropha.pdf
http://dx.doi.org/10.1073/pnas.1213163110
http://dx.doi.org/10.3390/su6096188
https://theredddesk.org/resources/ethiopias-climate-resilient-green-economy-green-economy-strategy
https://theredddesk.org/resources/ethiopias-climate-resilient-green-economy-green-economy-strategy
http://melcaethiopia.org/wp-content/uploads/2011/05/Eth_Biofuel_Assessment-Final.pdf
http://melcaethiopia.org/wp-content/uploads/2011/05/Eth_Biofuel_Assessment-Final.pdf
http://dx.doi.org/10.1016/j.esd.2015.11.001
http://dx.doi.org/10.5751/ES-08554-210303
http://www.fao.org/3/a1094e/a1094e00.pdf
http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2009_events/CSD_side_event_NY/Mataveia_-_GBEP_CSD_side_event_140509.pdf
http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2009_events/CSD_side_event_NY/Mataveia_-_GBEP_CSD_side_event_140509.pdf
http://dx.doi.org/10.3390/su6117541
http://dx.doi.org/10.1002/bbb.84
http://dx.doi.org/10.1016/j.rser.2010.02.002
http://dx.doi.org/10.1016/S0973-0826(08)60507-4


Sustainability 2019, 11, 3371 23 of 23

88. Namburete, S. Mozambique biofuels. In Proceedings of the African Green Revolution Conference, Oslo,
Norway, 2006; Volume 31. Available online: http://mediabase.edbasa.com/kunder/yaraimages/agripres/
agripres/j2006/m09/t04/0000443_2.pdf (accessed on 3 March 2019).

89. Van Eijck, J.; Rom, C.J.; Romijn, H.; Heijnen, S.; De Ruijter, F.; Jongschaap, R. Jatropha Sustainability Assessment,
Data from Tanzania, Maliand Mozambique; NL Agency: Utrecht, The Netherlands, 2013.

90. Romijn, H.; Heijnen, S.; Colthoff, J.R.; De Jong, B.; Van Eijck, J. Economic and Social Sustainability Performance
of Jatropha Projects: Results from Field Surveys in Mozambique, Tanzania and Mali. Sustainability 2014, 6,
6203–6235. [CrossRef]

91. Boamah, F. How and why chiefs formalize land use in recent times: The politics of land dispossession
through biofuel investments in Ghana. Rev. Afr. Polit. Econ. 2014, 41, 406–423. [CrossRef]

92. Brew Hammond, A. Bioenergy for accelerated agro-industrial development in Ghana. In Proceedings of the
Bioenergy Markets, West Africa Conference, Accra, Ghana, 27 October 2009.

93. Ahmed, A.; Kanton, S.; Godwin, K.; Rahim, A.A.; Salia, R.A. Biofuel development and large scale land
acquisition in Ghana, implications for land use planning. Int. J. Dev. Res. 2014, 4, 2563–2571.

94. Amoah, O. Jatropha: A Catalyst for Economic Growth in Africa; An Official UNCTAD Document; Anuanom
Industrial Bio Products Limited: Accra, Ghana, 2006. Available online: https://unctad.org/Sections/wcmu/

docs/ditc_comb_Jatropha001_en.pdf (accessed on 25 December 2018).
95. Agyekumhene, J.K. Supporting the development of Jatropha farms with Microfinance for job and wealth

creation, reduction in urban drift. In Proceedings of the UNCTAD Biofuels Workshop, Financing Biofuels
with Special Emphasis on Jatropha and CDM, Accra, Ghana, 13–14 November 2006.

96. Energy Commission. Draft Bioenergy Policy of Ghana; Energy Commission: Accra, Ghana, 2010.
97. Technoserve. Feasibility Study of Biofuel Production in Ghana: Assessing Competitiveness and Structure of the Industry’s

Value Chain; Final Report; Technoserve: Washington, WA, USA, 2007. Available online: http://s3.amazonaws.
com/zanran_storage/elliott.gwu.edu/ContentPages/2454285956.pdf (accessed on 18 August 2018).

98. Energy Commission. Strategic National Energy Plan 2006–2020; Energy Commission: Accra, Ghana, 2006.
99. Iddrisu, I.; Bhattacharyya, S.C. Ghana’s bioenergy policy: Is 20% biofuel integration achievable by 2030?

Renew. Sustain. Energy Rev. 2015, 43, 32–39. [CrossRef]
100. Boni, S. Indigenous Blood and Foreign Labor: The Ancestralization of Land Rights inSefwi (Ghana). In Land

and the Politics of Belonging in West Africa; Kuba, R., Lentz, C., Eds.; E.J. Brill: Leiden, The Netherlands, 2006;
pp. 161–186.

101. UNDESA. Small-Scale Production and Use of Liquid Biofuels in Sub-Saharan Africa: Perspective for Sustainable
Development; UNDESA: New York, NY, USA, 2007.

102. Karlson, G.; Banda, K. Biofuels for Sustainable Rural Development and Empowerment of Women: Case Studies for
Africa and Asia; Energia: Leusden, The Netherlands, 2009.

103. James, L. Theory and Identification of Marginal Land and Factors Determining Land Use Change. Master’s
Thesis, Department of Agricultural, Food, and Resource Economics, Michigan State University, East Lansing,
MI, USA, 2010.

104. Brittaine, R.; Lutaladio, N. Jatropha: A Smallholder Bioenergy Crop: The Potential for Pro-Poor Development; Food
and Agriculture Organization of the United Nations (FAO): Reading, UK, 2010; Volume 8.

105. Acheampong, E.; Campion, B.B. The Effects of Biofuel Feedstock Production on Farmers’ Livelihoods in
Ghana: The Case of Jatropha curcas. Sustainability 2014, 6, 4587–4607. [CrossRef]

106. Gordon, L.A.; Loeb, M.P.; Lucyshyn, W. Information security expenditures and real options: A wait-and-see
approach. Comput. Secur. J. 2003, 19, 1–7.

107. Lambin, E.F.; Turner, B.L.; Geist, H.J.; Agbola, S.B.; Angelsen, A.; Bruce, J.; George, P. The causes of land use
and land cover change: Moving beyond the myths. Glob. Environ. Chang. 2001, 11, 261–269. [CrossRef]

108. Soto, I.; Ellison, C.; Kenis, M.; Diaz, B.; Muys, B.; Mathijs, E. Why do farmers abandon jatropha cultivation?
The case of Chiapas, Mexico. Energy Sustain. Dev. 2018, 42, 77–86. [CrossRef]

109. Kenis, P.; Schneider, V. Policy networks and policy analysis: Scrutinizing a new analytical toolbox. In Policy
Networks: Empirical Evidence and Theoretical Considerations; Campus Verlag: Frankfurt, Germany, 1991; pp. 25–59.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://mediabase.edbasa.com/kunder/yaraimages/agripres/agripres/j2006/m09/t04/0000443_2.pdf
http://mediabase.edbasa.com/kunder/yaraimages/agripres/agripres/j2006/m09/t04/0000443_2.pdf
http://dx.doi.org/10.3390/su6096203
http://dx.doi.org/10.1080/03056244.2014.901947
https://unctad.org/Sections/wcmu/docs/ditc_comb_Jatropha001_en.pdf
https://unctad.org/Sections/wcmu/docs/ditc_comb_Jatropha001_en.pdf
http://s3.amazonaws.com/zanran_storage/elliott.gwu.edu/ContentPages/2454285956.pdf
http://s3.amazonaws.com/zanran_storage/elliott.gwu.edu/ContentPages/2454285956.pdf
http://dx.doi.org/10.1016/j.rser.2014.10.066
http://dx.doi.org/10.3390/su6074587
http://dx.doi.org/10.1016/S0959-3780(01)00007-3
http://dx.doi.org/10.1016/j.esd.2017.10.004
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methodology 
	Review of Country Cases: Transformations during the Jatropha Regime 
	Transformations in Mexico 
	Transformations in India 
	Transformations in China 
	Transformations in Ethiopia 
	Transformations in Mozambique 
	Transformations in Ghana 

	Discussion 
	Conclusions 
	References

