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Abstract: The “Jatropha for Galápagos” (JFG) project in Ecuador aims to progressively replace diesel
with jatropha oil in the generation of electricity in The Galápagos Islands. Thus, understanding and
motivating the participation of jatropha suppliers is a priority for the sustainability of JFG. For this
reason, the factors influencing their decision-making to participate in the project have been identified
and analyzed using a binomial logit model. The results show that factors found to positively influence
the likelihood of participation include, amongst others, the supplier’s experience within the project,
their participation in local organizations, and the degree of satisfaction with the price of jatropha oil.
In addition, children from producer families’ collaboration in the harvest of jatropha increases the
overall likelihood of participation within the project. Similarly, the distance to the collection center
positively influences the chances of participation. Conversely, those suppliers with higher wages and
those who declared that jatropha harvest starts in April have a reduced likelihood of participating in
the project. The findings obtained from this project can help decision-makers develop new measures
to improve the sustainability of the project through initiatives to motivate the participation of jatropha
suppliers in the program.
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1. Introduction

According to the International Renewable Energy Agency (IRENA), the energy sector is
responsible for about 60% of greenhouse gas emissions [1]. One possible way to combat climate
change within this sector consists of supporting the deployment of renewable energies, such as
biofuels, as a way to substitute conventional fossil fuels. Besides being a climate change mitigation
strategy, promoting bioenergy can also contribute to sustainable development. While securing food and
energy supplies are amongst the most serious challenges faced by developing countries, sustainable
modern bioenergy can promote agricultural, social, and economic development that will help address
these challenges [2].

In this context, some developing countries are promoting bioenergy production through the use of
Jatropha curcas as an energetic source, due to its potential social, economic, and environmental positive
effects in small-scale production models [3–5]. Examples of such rural electrification projects can be
found in developing countries such as Indonesia, Tanzania, Mali, and India [6–10].

In this sense, the Ecuadorian government, concerned with the environmental sustainability of
its energy system, launched the Renewable Energy for Galapagos project (ERGAL), whose goal is
to eradicate the use of fossil fuels in The Galápagos Islands. For this purpose, the ERGAL project
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implemented the ‘Jatropha for Galápagos’ pilot project (JFG) whose aim is to use jatropha oil to produce
electricity in The Galápagos Islands, to reduce the islands’ fossil fuel dependency, and to decrease the
risk of diesel spillage in the protected marine area of Galápagos. In Floreana Island, the electricity is
currently produced by mixing diesel and jatropha oil (JO), with an approximate mixture percentage of
80% and 20% respectively.

The JFG project aims to raise the percentage of JO in the mixture to improve the environmental
sustainability of electricity production. Such a goal requires an increase in production of jatropha
living fences [11], which are currently harvested by jatropha suppliers. Such suppliers are divided
into small producers who harvest jatropha from the living fences on their properties and collectors
who harvest them from third-party properties, with prior consent from land-owners. In both cases,
jatropha fruits are sold to collection centers located in rural areas, which are part of the JFG project.
The marketing of jatropha is still in an incipient stage, currently it is marketed by suppliers and local
collectors using prices fixed by the JFG project. Thus, in 2013, the price of the seed was $0.26/kg
while the price of the fruit was $0.20/kg [12]. Jatropha is commonly traded as a fruit (85%) as the fruit
shelling process is time consuming and does not compensate for the increased price of the seed as
opposed to the fruit (information obtained through field work). Therefore, suppliers carry out the
production and marketing activities of jatropha, but they are not ultimately the beneficiaries of the
bioelectricity that is produced. This is not a common situation, as can be observed in similar rural
electrification projects [6–10,13].

In this sense, the willingness of jatropha suppliers to participate in the project is not motivated
by the access to electricity, but by the additional income received from selling jatropha. From this
viewpoint, jatropha suppliers are key players, and their willingness to participate is a cornerstone
for the sustainability of the project, and, most importantly, to increase the production of jatropha oil.
Therefore, it is of utmost importance to understand and identify the factors that are likely to influence
their decision to participate. As such, this study aims at identifying the socioeconomic factors that
determine their decision-making in whether to continue participating in the project or abandon it.

Similar studies have analyzed farmers’ participation in particular projects, or the adoption of
agro-environmental practices. Most of these studies have used discrete response models such as logit
binary models, as this modeling framework allows for estimates to be made of the probability of an
individual deciding between one alternative and another [14]. In particular, the binary logit model
is widely used to analyze the decision of farmers to participate in environmental programs [15,16],
as well as to adopt technology packages [17–20]. However, the application of such models to study
the long term sustainability or the abandonment of a project has received less attention. An example
of such application is found in [21], where the factors influencing the adoption and abandonment of
precision farming were identified for cotton production. Similarly, the adoption and abandonment of
organic agriculture was analyzed in [22] through the economic and non-economic factors that influence
the decision of participating or abandoning organic agricultural practices. Other similar studies used
logit models to analyze farmers’ willingness to participate in a training program for the creation of a
wetland, and the participation of small farmers in a community rural development project [23,24].

Results of such studies indicate that the decision to adopt or participate is often
related to the participants’ characteristics [15,19,21], social capital [16,20,22,24,25] production
characteristics [16,18,20,21,24,25], and the characteristics of the project [20,26]. Consequently, in this
project, the jatropha suppliers’ decision to participate was analyzed by considering explanatory
variables related to the suppliers’ characteristics, social capital, production characteristics and
perceptions on the characteristics of the project.

In this context, this study contributes to enlarge the existing body of knowledge by using a logit
model to analyze the factors influencing the decision-making of jatropha suppliers to participate in a
bioenergy rural project. Thus, a better understanding of the underlying factors that determine their
willingness to participate may contribute to improving the sustainability of the project by facilitating
the continuation and expansion of the JFG project and similar projects. The results obtained from this
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project can help to direct decision-makers in developing measures to guarantee, and even increase,
the participation of jatropha suppliers in the JFG project, as well as in similar projects.

2. Context of the Case Study

Since 2008, the JFG project has had the ambitious objective of progressively replacing diesel with
jatropha oil in the production of bioelectricity in The Galápagos Islands, whilst also improving the
wellbeing of small jatropha suppliers of rural areas in Manabí [12]. This dual focus has enabled the
145 inhabitants of Floreana Island to receive less contaminating electricity [27], and 3000 poor rural
households located in Manabí to improve their family economy through jatropha sales [12].

As for the socio-economic characteristics of the project beneficiaries, the rural population
represents 56% of Manabí’s population [28]. Small-scale and family farming are common characteristics
of this rural area, where 63% of farms belong to small farmers with properties smaller than 10 hectares,
representing 9.1% of the total of the arable land of Manabí [29]. According to a FAO study, such family
farms are characterized by having limited access to resources, capital, and land, whilst relying upon
family labor, and having limited agricultural or fishery production as their main sources of income [30].

In this region, people older than 24 have been enrolled in the schooling system for an average of
six years [31] and in accordance with the Unsatisfied Basic Needs (UBN) poverty indicator, 76.8% of the
households have one or more unsatisfied basic need [32], while 33.4% live in extreme poverty on less
than $1.48 per day [33]. Moreover, one relevant social problem is child labor, which is related to high
illiteracy rates and low academic levels [34]. Due to these socioeconomic vulnerabilities, small-scale
suppliers within rural areas often decide to sell jatropha to improve their family economy.

The literature reports that in other developing countries jatropha production may come from
monoculture, associated crops, and living fences [3,35]. In Manabí, all jatropha comes from jatropha
fences; according to official records, 7000 km of jatropha living fences were registered in the rural area
of Manabí in 2008 [12]. Traditionally, farmers used jatropha living fences to demarcate their small
farms and to prevent animals consuming their food crops. As compared to other biomass production
systems, living fences prevent soil erosion, avoid land competition with food crops, and do not threat
food security, as jatropha is not edible.

3. Materials and Methods

A discrete choice model was used to identify socioeconomic drivers influencing the suppliers’
decision to participate in the JFG project. The hypothesis to be verified in this study was:
“Price perceptions, incentives for jatropha production, production characteristics, as well as
participation in social networks, and suppliers’ characteristics have an influence in their decision
to participate in the project”.

Discrete choice modeling is based on the random utility theory developed by Thurstone
and Mc.Fadden [36,37]. This framework assumes that the individual i decides among the set of
alternatives Cj where j = 1 (participate) and j = 0 (not to participate) and the utility or satisfaction, Uij,
that individual i obtains when choosing a given alternative j is defined as follows:

Uij = vij + εij (1)

Equation (1) states that utility Uij has two components, a deterministic component vij = Xijβ,
where Xij is a set of observed variables that reflect the characteristics of the alternative and
socioeconomic characteristics of the individual; and β is the parameter vector that we want to estimate.
The second component ε ji is unknown and treated by the researcher as random.

Uij is the utility (or net benefit) that person i obtains from taking action (in contrast to not taking
action). The utility that the person obtains from choosing the alternative j depends on the characteristics
of the person and the characteristics of the alternative j.
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In this application, we denote Ui1, as the utility that individual i obtains if the individual decides
to participate (j = 1) and Ui0, the utility the individual obtains if the individual decides to abandon
the project. We assume that the individual chooses the alternative which provides the highest utility
or satisfaction. Since an individual’s utility cannot be directly observed, the individual decision or
willingness to participate or abandon is defined through a binary variable Yi according to the following
equation:

Yi

{
= 1 i f Ui1 > Ui0
= 0 i f Ui1 < Ui0

(2)

For the set of alternatives Cj : {j = 1 participates, j = 0 does not participate}.
From Equations (1) and (2), we are able to define the likelihood of the individual i choosing to

participate as:
P (yi = 1|x1 . . . . xk) = P (Ui1 ≥ Ui0) = Pr(εi1 − εi0 ≥ vi1 − vi0) (3)

Assuming that the error term (εi1 − εi0) follows a logical distribution, we can model the decision
to participate through the logical model where β is a vector (β0, β1, β2 . . . βn) representing regression
parameters to be estimated using the maximum likelihood method.

Pi(yi = 1|x1 . . . . xk) =
eXi β

∑
j
k=0 eXi β

(4)

Survey Design and Data Collection

A survey was carried out to collect information from jatropha suppliers and the project to analyze
jatropha suppliers’ decision to participate in the project, such decision-making is subject to their
utility or satisfaction. Preliminary, open semi-structured interviews with several stakeholders were
first conducted to identify relevant socio-economic information about jatropha suppliers, as well as
information related to the characteristics of the project. A questionnaire was designed based on this
information and on case studies reviewed from the literature.

The questionnaire was structured in four blocks of questions. The first block gathered information
about socio-demographic characteristics of the suppliers. The second block included questions related
to the supplier’s social networks. Given the importance of family farming in the area, we explicitly
inquired about the participation of adult and child family members in the jatropha harvesting activities.
The third block included questions related to farm characteristics, agricultural activity, and jatropha
practices. Finally, the fourth block collected economic information of those surveyed their perceptions
about the characteristics of the project, and their willingness to continue to participate or to abandon it.

This questionnaire was tested in various communities to avoid ambiguities and to improve the
design. In 2014, the participation of jatropha suppliers in 12 communities was registered. As a result,
159 face-to-face interviews were conducted with jatropha suppliers during April and May. Figure 1
presents the location of the 10 surveyed communities in the Manabí province in 2015. The survey
sampling was based on a random and simple probabilistic method for finite population sizes, with a
total of 724 jatropha suppliers, a p probability of occurrence of 0.5, a 7% error percentage and a 95%
confidence interval.
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Table 1 presents the definition and statistical description of the independent variables considered
in the model. These variables are classified according to four categories: supplier’s characteristics,
social capital, farm and production characteristics, and project characteristics. Moreover, by way of
hypothesis, the signs (+/−) represent the sign that the coefficient of each variable is expected to have in
the model. Hence, a positive (or negative) sign depicts that the variable is expected to have a positive
(or negative) influence on the supplier’s willingness to participate.

Table 1. Statistics summary of the independent variables related with suppliers’ decision to participate.

Estadistics
Expected

SignIndependent
Variables Definition Mean Sd. Min Max

Category: Supplier’s characteristics

Age
Age (years) of the supplier (1 to 5; 1 = 18–28,
2 = 29–39, 3 = 40–50, 4 = 51–61,
5 = ≥ 62 years)

3.1 1.33 1 5 −

Social security Social security beneficiary (1 = If the
supplier has social security. 0 = other wise) 0.48 0.5 0 1 −

Salary Supplier’s monthly salary in dollars 211.32 80.14 80 400 −

Use of jatropha
income

Use of money obtained from selling
jatropha; Categories 1 = household needs,
0 = other wise

0.92 0.26 0 1 +

Jatropha producer 1 = If the supplier is a producer of jatropha,
0 = other wise 0.67 0.47 0 1 +

Experience Participation in the project. (>3 years = 1, 0
= other wise) 0.68 0.47 0 1 +

Category: Social capital

Member of an
organization

1 = If the supplier is a member of a local
organization, 0 = other wise 0.38 0.49 0 1 +

Participation of
women

1 = If women participate in jatropha
harvest, 0 = other wise 0.42 0.49 0 1 +/−

Participation of
children

1 = If children participate in jatropha
harvest, 0 = other wise 0.33 0.47 0 1 +/−

Category: Production characteristics

Start of jatropha
harvest

Month in which the jatropha harvest begins
in the community of the supplier; 1 = April,
0 = other wise.

0.64 0.48 0 1 −

Jatropha
production

Annual production (quintal) of jatropha
fruits by a supplier 10.5 13.5 1 98 +

Distance Distance (km) between the jatropha farm
and jatropha collection center 14.42 6.87 4 21 −
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Table 1. Cont.

Estadistics
Expected

SignIndependent
Variables Definition Mean Sd. Min Max

Category: Project characteristics

Incentives
Incentives for jatropha production.
1 = If the supplier has received project
incentives, 0 = other wise

0.69 0.46 0 1 +

Perception of price Perception of jatropha price satisfaction;
Categories: 1 = very satisfied, 0 = other wise 0.31 0.46 0 1 +

The independent variables included in the model were selected with the aim of explaining the
supplier’s decision to participate in the JFG project. The independent variables were selected taking
into account two complementary criteria: first, key variables were used in similar studies; and second,
relevant variables were added taking into account the JFG project’s specificities and goals. In this
respect, the variables selected based on the literature review were salary, age, membership of an
organization, household size, and price perception. It is important to note that these variables were
significant in some of the reviewed studies. Additionally, other variables of interest for this study were
added, such as social security, family labor participation, type of jatropha supplier, the use of jatropha
income received, the start of jatropha harvest, incentives for jatropha production, and the distance
between jatropha area production and jatropha center collection. The descriptive statistics related to
the variables and the expected signs are detailed below.

89% suppliers declared the willingness to participate in the JFG project; with the descriptive
statistics of the suppliers’ characteristics category showing that nearly half of suppliers (44.6%) are
between the ages of 40 and 61, 34.6% are between 18 and 39, and 20.8% are 62 or older. Those suppliers
reaching old age could encounter greater limitations to develop activities that require physical efforts
such as harvesting, so it is expected that older age individuals are negatively related with participation.
Besides, less than half of the suppliers (47.8%) claim to have a social insurance. In the rural context,
being a beneficiary of social security means having a better quality of life in socioeconomic terms.
Therefore, the social security was expected to be negatively associated with the participation.

Monthly salary was asked of the suppliers across five value ranges. Most suppliers (76.7%)
declared to receive a monthly salary between 120 and 280 dollars, while 7.5% receive $120 dollars or
less. 92.4% received less than 360 dollars, which is slightly higher the national monthly average salary
($354), as registered in 2015 [38]. Only 7.5% stated that they received 360 dollars or more. Considering
that rural people of Manabí are vulnerable to poverty, then it was expected that higher salaries were
negatively linked with participation, which means that suppliers who have higher salaries could be
less interested in participating.

Given the poverty conditions of many suppliers, the use of incomes from jatropha sales was also
asked. 92.4% of respondents stated that they used jatropha-sourced income to fulfill their basic needs,
while the rest declared it was saved, used for leisure activities, or for farming activities. Since the use
of jatropha incomes is significant in the suppliers’ household economy, the variable was expected to be
positively associated with the probability of participate.

Regarding the supplier's characteristics, participants are not required to commit important
investments or assume sunk costs to produce the jatropha because they do not have a formal contract
to supply a minimum level of production. 67.3% of respondents declared that they harvested jatropha
from living fences on their property, while 32.7% declared they were jatropha collectors harvesting
from other farmers' properties. The producer variable is expected to be positively related to the
decision to participate, because they have jatropha living fences on their farms.

With regards to the experience within the JFG project, 68% of the suppliers have been participants
of the project from three to six years, whilst the rest have been members for less than two years.
Therefore, the majority of participants who joined the project within the first years of the project could
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have acquired experience and adapted to the jatropha activities and, therefore, the experience was
expected to be positively associated with participation.

The social capital category shows information about social networks and the involvement of
family members in jatropha activities. In this regard, 38% of respondents declared to be members of
a social local organization. It was expected then that being a member of an organization would be
positively related with participation, given that if a supplier is a member of an organization, they could
have a higher likelihood to become members of a new organization or participate in social networks.

From the social viewpoint, family farming is little analyzed in logit models. However, the family
participation was considered taking into account the social scope of the project. The questionnaire
results show that jatropha harvest often involves suppliers’ family members, as 41.5% of suppliers
declared that one or more women of the family participate in the jatropha harvest. In addition, 33.3% of
suppliers declared that one or more children in the family collaborated in harvest activities. Given the
limited information about this social topic, a possible relationship between this issue and the likelihood
of participation is uncertain.

With regards to the production characteristics category, jatropha is harvested during the months
of March to May, although the start of the jatropha harvest varies according to the agro-climatic
conditions of the different areas. 63.5% of suppliers declared that jatropha harvest in their communities
starts in April. Thus, jatropha, together with other short-cycle crops are harvested in the winter season,
which could limit suppliers’ availability to collect jatropha. For this reason, the variable of the start of
the jatropha harvest was expected to be negatively related with participation.

The scale of the jatropha production supplied to the project each year is highly variable; given
that sometimes it is affected by unfavorable climatic conditions or insect infestations. Results show
that 69.8% of the suppliers harvest between 1 and 10 quintals, while 18.9% harvest between 11 and
20 quintals, and 9.4% harvest between 21 and 98 quintals, and only 1.9% of suppliers harvest less
than 1 quintal. While most suppliers have a small annual jatropha production, which could reveal
their vulnerability to poverty, there is a small minority of participants with higher production. Thus,
all suppliers benefit to varying degrees by jatropha production. Therefore, jatropha production was
expected to be positively associated with likelihood of participation.

The distance between jatropha production areas and jatropha collection centers where jatropha
fruits are sold ranges from 7 to 21 km. Such distances are important, not only in relation with technical
aspects but could also reveal information related to the social issues of suppliers who live in distant
areas and commonly are more vulnerable to social exclusion and are more likely to suffer extreme
poverty. Besides, for the largest distance, the suppliers could have more difficulty to transport the
jatropha. For this reason, the distance was expected to be negatively related with participation.

The category characteristic of the project collects information about the contributions and benefits
of the project. Regarding the incentives received for increasing the jatropha annual production, 30.2% of
suppliers declared to have received one or more incentives. Amongst the most common incentives
are jatropha vegetative material, wire rolls, and kits for jatropha harvest. It should be noted that the
jatropha production is promoted only through the use of living fences system in order to comply with
the sustainability approach adopted by the project. Given that the main objective of incentives is to
increase the jatropha production and suppliers’ participation, the incentives variable was expected to
be positively linked with participation.

Additionally, the price perception of jatropha fruits and seeds was asked, with 31.4% of suppliers
declaring they are very satisfied with the jatropha fruit or seed price. 64.2% of the suppliers declared
being satisfied and 4.4% declared being little satisfied. As price is often a significant motivation
factor, therefore the price perception was expected to be positively associated with the likelihood
of participation.
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4. Results and Discussion

Some statistical tests were conducted to validate our model. First, a multicollinearity test was
considered to measure the strength of the interrelationships among the independent variables. For this
purpose, two indicators were used: Tolerance

(
1− R2) which indicates how much collinearity a

regression analysis can tolerate and Variance Inflation Factor (VIF), which is 1/Tolerance and indicates
how much of the inflation of the standard error could be caused by collinearity. As a reference,
Tolerance values smaller than 0.1 and VIF values greater than 10, suggest that multicollinearity is an
issue [15]. Table 2 shows the Tolerance and VIF indicators for the explanatory variables of the model
indicating that multicollinearity is not an issue.

Table 2. Multicollinearity diagnosis for independent variables.

Variables VIF Tolerance

Age 1.18 0.85
Social security 1.50 0.67

Salary 1.63 0.61
Use of jatropha income 1.10 0.91

Jatropha producer 1.45 0.69
Experience 1.21 0.82

Member of an organization 1.44 0.69
Participation of women 1.69 0.59
Participation of children 1.53 0.65
Start of jatropha harvest 1.20 0.83

Jatropha production 1.41 0.71
Distance 2.25 0.45

Incentives 1.21 0.82
Perception of price 1.25 0.80

The results of the logistic model that analyzes the jatropha suppliers’ decision to participate are
shown in Table 3, where the coefficients, odds ratio, and marginal effects of all variables are shown.
The interpretation of results is realized through marginal effects that are described below. Additionally,
the chi-square reveals that the likelihood ratio statistics are significant, indicating that the model
has a strong explanatory power and confirms that suppliers’ decision to participate is based on the
identified variables.

The pseudo R2 value indicates the extent to which a logit function fits the datasets. In this respect,
a value equal to 1 signifies a perfect fit and a value equal 0 means no relationship [15].

The pseudo R2 value estimated was 0.37 and values greater than 0.2 represent a relatively good
fit [15,18]. Prediction success statistics indicate the percentage of observations the model can predict
correctly, which for this work was 91.8%. As to the potential specification errors, the Stata link test was
performed in order to check if there is a model specification error. The results show no evidence of such
a specification error. Also, to verify the statistical significance of the model, the Hosmer-Lemeshow test
in groups of 10 [39] was conducted, and a Prob > chi2 = 0.67 was obtained, that indicates the model is
significant statistically.

Regarding the suppliers’ characteristics, the marginal effect of salary suggests that per every dollar
increase in salary, the probability of participation in the project is reduced by 0.02%. This implies that
suppliers with higher wages are less likely to participate because their opportunity cost is greater and
jatropha would be an unprofitable alternative. On the contrary, for those suppliers with lower wages,
jatropha represents an opportunity to improve their family economy. These results are aligned with the
social objective of the project, which is to encourage the participation of the most vulnerable groups
of rural Manabí. These results are also in line with previous studies aimed at better understanding
technology adoption by small farmers, where salary levels were found to be a driver in the adoption
of a crop association system in rubber farms [19], as well as in the adoption of GIS tools [18].
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Table 3. Factors that influence the suppliers’ decision to participate.

Variables Coef. Std. Err. z P > z Odds Ratio Marginal Effects

Age −0.176 0.268 −0.650 0.513 0.839 −0.0035
Social security −1.218 0.992 −1.230 0.219 0.296 −0.0261

Salary −0.011 ** 0.005 −2.310 0.021 0.989 −0.0002
Use of jatropha income −0.668 1.155 −0.580 0.563 0.513 −0.0102

Jatropha producer 0.008 0.826 0.010 0.993 1.008 0.00015
Experience 2.218 *** 0.712 3.120 0.002 9.191 0.07518

Member of a organization 1.716 * 0.937 1.830 0.067 5.560 0.03122
Participation of women −0.086 0.758 −0.110 0.910 0.918 −0.0017
Participation of children 2.230 ** 0.886 2.520 0.012 9.302 0.03697
Start of jatropha harvest −3.922 ** 1.658 −2.370 0.018 0.020 −0.0778

Jatropha production −0.010 0.023 −0.430 0.668 0.990 −0.0002
Distance 0.139 ** 0.055 2.510 0.012 1.149 0.00275

Incentives 1.593 1.270 1.250 0.210 4.919 0.02558
Perception of price 2.093 *** 0.784 2.670 0.008 8.109 0.03345

Constant 4.499 * 2.555 1.760 0.078 89.956

* p < 0.1; ** p < 0.05; *** p < 0.01; Likelihood ratio: chi2 = 28.53. Prob > chi2 = 0.01. (gl = 14); Pseudo R2 = 0.37;
Predictive capacity = 91.8%. N = 159.

As for “experience”, its marginal effect has a positive effect on the participation decision. In this
respect, suppliers who have three or more years within the project were 7.52% more likely to continue
participating, than those who have less than a year’s experience. The suppliers’ years of experience
in the project increase their knowledge about jatropha agricultural practices and jatropha marketing.
Furthermore, these may strengthen the degree of confidence and familiarity towards the project. Some
related studies have also shown the effect of producer experience on agricultural activities in increasing
the probability of measure adoption, such as jatropha cultivation [25], adopting measures related to
climate change [15], and adopting agricultural conservation practices [40].

Further, the results show that the marginal effect of suppliers who are “members of an
organization” in the community has a positive effect as, compared to those who were not members of
an organization, they were 3.12% more likely to participate in the project. This result confirms other
studies which show that farmers who are members of social organizations are more likely to participate
in rural development projects and community farming projects [24]. A further study also analyzed
the adoption of conservation agriculture across 31 case studies and concluded that organization
membership significantly influences the probability of adopting conservation agriculture [40].

Furthermore, the marginal effect for the “participation of children in jatropha harvest” variable
shows that suppliers whose children (one or more) collaborate in the collection of jatropha fruits are
3.70% more likely to participate in the project than those who do not receive help from their children.
In this regard, it is important to note that one-third of the suppliers received assistance from children in
their jatropha harvesting activities. While this type of participation can be framed within the concept
of family farming and it is a common practice in the rural context of developing countries, it could
have an undesirable effect on schooling rates. This could exacerbate the vulnerability of rural children
to having poor educational outcomes, given that the rural area of Manabí has below average years
of schooling. It is important to note therefore that there is a period of overlap between the jatropha
harvest and beginning of the school year. Additionally, UNESCO indicates that children belonging
to vulnerable families, especially, within rural areas, are initiated into labor activities from a very
early age in order to contribute to the sustenance of the family, and for this reason, many of them
decide to leave school [41]. It should also be noted that this study does not analyze nor measure the
participation/type of contribution that children give within the project.

The marginal effect of “start of jatropha harvest” indicates that, compared to the rest, suppliers
who reported that jatropha harvest starts in April in their communities are 7.78% less likely to continue
to participate. One possible explanation is the overlap of harvest calendars. While short-cycle crops
(corn, peanuts, rice, and beans amongst others) are sown in January [42] and harvested from April
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onwards, the harvesting period for jatropha is from March to May [43]. This could drive jatropha
suppliers away from Jatropha and devote their time to more profitable short-cycle crops.

As for the influence of distance from the jatropha production area to the collection center,
the marginal effect of the “distance” variable influences the decision to continue participating in
the project but not in the way initially expected. The marginal effect suggests that per every kilometer
increased, the probability of participation in the project would increase by 0.28%. While this result
may seem surprising, we should note that jatropha collection centers are normally located in rural
areas with a higher concentration of inhabitants, such as the center of the villages. Thus, nearby
suppliers have more work opportunities compared to the suppliers who are further away from the
collection centers. The latter suppliers are commonly located in areas isolated from economic activities,
with less opportunities and may use jatropha crops as an opportunity to obtain an additional income.
This finding implies the need to consider the strategic geographic coverage of the project; particularly
focusing on isolated areas to engage with providers who are willing to participate and to expand the
supply of jatropha.

Finally, as to the effect of the suppliers’ perception of jatropha price, its marginal effect shows a
positive effect on the decision to participate. In particular, those suppliers who consider jatropha price
to be very satisfactory were 3.35% more likely to participate in the project than those who declared
different perceptions. Therefore, a greater number of suppliers with a very satisfactory perception of
price jatropha could contribute to increase the jatropha supply and expand the use of jatropha oil to
other islands of Galapagos.

5. Conclusions

The production of jatropha is carried out by the suppliers of the JFG project in order to
produce bioelectricity in the Galápagos Islands. This initiative helps generate a positive social and
environmental impact. However, our fieldwork revealed that the suppliers’ interest in jatropha
harvest has remained stable or even decreased during recent years. For this reason, measures must
be implemented to promote jatropha production and participation of jatropha suppliers, in order to
expand the use of renewable energy in Galapagos and guarantee the long-term sustainability of the
project. From the results obtained, a number of recommendations can be suggested to promote the
future participation of jatropha suppliers.

First, the results indicate that more vulnerable suppliers and those with lower salaries are more
likely to participate in the project. These results illustrate the relevance of the social scope of the project,
which benefits segments of the population who are extremely vulnerable to poverty, and generates an
additional source of income used to supply their basic needs. Additionally, the suppliers’ experience
in the project and belonging to a local organization are factors that positively influence the decision to
participate. Consequently, this information suggests that measures to promote social capital and the
strengthening of jatropha suppliers’ cooperatives are key elements to enhance the farmers’ position in
the value chain, thus increasing trust and their willingness to participate in the project.

Second, while family farming is a central element of the project, the participation and contribution
of children in jatropha harvest deserves further analysis to prevent child labor and early school
drop-outs, a common situation for children who belong to households in rural areas in developing
countries. Thus, it is recommended that necessary measures be put in place to prevent child labor.
This is particularly relevant during the jatropha harvesting period, which overlaps with the schooling
period. Furthermore, it would be advisable to implement mechanisms that involve educational
activities for children so as to improve the wellbeing of the members of the community.

Third, the development of jatropha varieties with longer harvesting periods would avoid the
overlap with the short-cycle crops calendar, and would create jobs during idle periods. In addition,
strategies aimed at improving yields would translate into enhanced profitability, making jatropha
more attractive to farmers. Furthermore, our results show that producers in economically deprived
and distant locations are more likely to participate in the project. Thus, it is recommended to study



Sustainability 2017, 9, 1946 11 of 13

optimal collection strategies, and to locate collection centers closer to remote areas where suppliers are
more willing to participate.

Fourth, as expected, jatropha price has proven to be a relevant factor regarding the suppliers’
decision to participate. An increase in jatropha price would make harvesting more attractive to
farmers and promote the expansion of jatropha production. However, a price increase may hinder the
competitiveness of jatropha as source of energy to substitute diesel in the Galapagos Islands and may
threaten the economic viability of the project.

Our findings may offer some guidance to boost the participation of jatropha suppliers,
and improve the social impact of the project. Lastly, while this study has identified some of the
factors that influence the suppliers’ decision to participate, it is necessary to go one step further and use
these results to develop and implement strategies to enhance the suppliers’ participation to contribute
to the sustainability of the JFG project, and guarantee its objectives.
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