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Abstract: Jatropha curcas L. represents a promising oil-bearing crop particularly used for biodiesel production.
The paper presents the economic analysis of Jatropha curcas L. planting among subsistence small-holders. The
results are discussed with oil palm agribusiness and socioeconomic situation of target area. Environmental
aspects are taken into consideration as well. Oil palm requires fertile soil, which together with the increasing
demand of biofuels, strongly contributes to clash between food and energy crops and/or supports continuous
deforestation while Jatropha curcas L. can be planted at a marginal, or otherwise not-used, land, since its
requirements are lower comparing to oil palm, e.g., in the terms of soil quality, water supplies or skilled labour
inputs. However, low purchasing price of the final product, seeds, makes Jatropha curcas L. less economically
promising business for small-holders due to its long payback period and low rates of return. Simple cost-benefit
analysis (CBA) is carried out in order to analyze the economic potential of planting Jatropha curcas L. under the
specific natural and socioeconomic conditions of North Sumatra province, Indonesia. Different scenarios are
proposed and the role of the government, small-holders and private capital are discussed. Special attention is
focused on support to initial costs, which are the most important for maintaining the plantation, by development
agencies or microfinance institutions, and, purchasing price increasing through the both development of market-
chain as well as through contracting the farmers by state and/or private companies.

Keywords: Jatropha curcas L., oil palm, vertical integration, cost-benefit analysis, farming systems, contract
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Introduction

During the last decade Jatropha curcas L. (JCL) has became a highly promoted promising oil-
bearing crop particularly used for biodiesel production [1]. Similarly to oil palm, JCL produces non-
edible oil that is of high quality standards and which can be easily converted into liquid biofuels ready
to meet the technical requirements of the European Union or the United States of America [2; 3].
Nevertheless, instead of the above mentioned utilization, there are several categories of JCL use
described in the literature, such as medicinal purposes [4 — 6], oil for soap production [1; 7; 8], green
manure, composting or vermiculture [9 — 11], soil erosion control [7], sericulture [7], fodder [7],
poverty alleviation through employment generation [12] or farm protection as a hedge and biocide [7].
Beside the above mentioned uses it is necessary to mention that in comparison to other oil-bearing
crops, particularly oil palm, high resistance and adaptability to local environment has to be also
considered as a very important factor making JCL worth of planting in tropical countries [5].

Indonesia represents one of the two leading producers of palm oil in the world [13], which has
been planted particularly on the large plantations. Especially high financial inputs keep the small-
holders far from potential benefits from this business. In this case, JCL, the ecological and financial
requirements of which are more suitable to meet the farmers’ capacities, seems to be a suitable
solution how to reduce poverty, solve environmental issues (soil erosion, unused land) and to produce
a product with high market potential. Until now, JCL is cultivated particularly on Java and Sulawesi,
while other potential areas are under research [14]. To extend the areas under JCL cultivation is
supported by the Indonesian government [15].

Thus, the objective of the paper is to provide an economic analysis of growing of JCL under the
specific natural and socioeconomic conditions of North Tapanuli district and judge whether it could
serve as a potential area for JCL cultivation among small-holders. The study focuses on answering the
following questions: (1) What are the most important costs the farmer has to invest in JCL planting?
(2) What is the cost-benefit ratio under the present purchasing price level? (3) Which extension
approaches can increase and/or sustain the efficiency of JCL cultivation in the target area?
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Materials and methods
Study site description

Research was conducted in the North Tapanuli district, which is situated in the central part of
North Sumatra province some six hours (or 232 km) south off Medan. The total area covers
3,812 km” and the alleviation ranges from 300 to 1,800 m a.s.1. [16]. Average temperature varies from
23.7 °C during winter to 32.2 °C in summer. Correspondingly, average rainfall fluctuates from 95 mm
during the summer dry season to 297 mm in the winter time of rains. Humidity very rarely drops
bellow 80 % [16; 17]. Such climatic conditions perfectly suit to ecological requirements of JCL [5].

The population density reaches 70 people per square km, while majority of the population live in
the rural areas. The average farm size has not changed much since mid-1990s when it represents 0.86
hectares per household [18]. Local farming systems are oriented on annual crops plating, particularly
rice, cassava, maize or vegetable, but due to lack of water and poor soils, mixture with perennial crops
and livestock (pigs, buffaloes and poultry) were observed as well. Additionally, in order to support the
value and market-chain development as well as to alleviate poverty in the target area, coffee, rubber or
cinnamon, followed by pineapple and tobacco have become very important cash-crops since mid-
2000s [19; 20].

Data collection and processing

The data were collected during summer months of the years of 2007 and 2008 among randomly
selected farmers in North Tapanuli district. Via face-to-face discussions and transect walks, the data
on the farming system economics, market access, future expectation and most pressing economic and
environmental problems were gathered. Local administration representatives provide us with the
development plans, socioeconomic indicators and extension practice. Finally, major companies
involved in renewable energy provide us with the details and constraints of JCL cultivation among
small-holders, price fluctuation and possible value-chain development. The collected data were
entered into MS Office Excel and processed via simple cost-benefit analysis [21; 22].

Results and discussion
Costs

Establishing the plantation represents the most significant financial burden a farmer has to face in
the case he/she would decide to become a JCL producer. Lack of cash has been identified as one the
most serious constraints of farming system development in the target area, which is in correspondence
with other studies [19]. The advantage is that in comparison to the land suitable for other cash-crops,
land for JCL can be purchased at a significantly lower price, usually for USD 1.09 per one hectare (see
Table 1). From the table it is obvious that majority of the costs go to seedling purchase and labour
force, 38.1 % and 39.4 % respectively, which is similar to other studies from Asian countries [23]. The
total sum of costs is equal to 353 USD, which is too much for subsistence farmers to establish such a
plantation without any external financial support. Thus, the role of the government, banking systems
or microfinance activities is crucial.

Table 1
Costs of establishing plantation of JCL
Cost USD %

Land 1.09 0.31
Seedlings 134.67 38.13
Labor 139.13 39.40

Site preparation 30.43 8.62

Planting 6.52 1.85
Maintenance 73.91 20.93

Harvesting 28.26 8.00
Material 66.30 18.78

Tools/Equipment 11.96 3.39

Total costs 353.15 100.00
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The costs of labour are equal to the average daily wage for hired labour that was observed in the
target area, e.g., USD 2.2 per day. The labour requirements in man-days were discussed with farmers
as well as with local key informants and were estimated as follows: site preparation 14, planting 3,
maintenance 34 and harvesting 13. The purchasing price of seedlings depends on the demanded
amount at the local market and for the purposes of the study, 0.11 USD per one seedling was
considered. The number of seedlings was estimated on 1,239 (1,039 per hectare according to common
plantation design, 200 as a reserve). The assumed extensive system of JCL planting does not require a
lot of material and only simple hand-tools. For other years, the following costs are considered (in
USD): labour 102.2, tools 12.0 and material 66.3, totally USD 180.5. Average overhead costs reach
USD 87 per hectare in the first year of plantation and USD 10.9 per hectare since the second year
onwards.

Benefits

Benefits are represented by revenues from selling seeds to oil producing companies. Selling of oil
will be more profitable comparing to selling only seeds, but the farmers in the target area are not able
to process seeds. Thus, any development efforts oriented on vertical integration of JCL cultivation
among rural households would be considered as a significant intervention. The farmers who dispose
sufficient cash can invest into a simple press machine and increase so their final benefits through
higher added value (e.g. JCL cakes). The maximum yield a farmer can reach in the specific conditions
of North Tapanuli is 5,000 kg of seed per hectare, which was observed also in other research areas in
Indonesia [24]. Thus, in the case of selling only seeds, the total revenues per hectare will reach USD
271.7 per hectare. Generally, despite of almost equal annual cost per hectare, the total revenues from
one hectare of JCL are at the level between 40 — 45 % in comparison to palm oil, particularly due to
lower yield [14; 25; 26].

Furthermore, JCL biomass can be sold for USD 0.27 per kilogram, but the real revenue from this
source is still hard to define as it is highly dependent on the pharmaceutical company, which might be
interested only in specific parts, with a specific quality. Theoretically, if counted with the harvest
index of seeds of 0.35 and the yield of 5,000 kg of seeds, then the total biomass weight is 14.29 tons.
But, of course, only a small part of the biomass could be used in order to maintain the plantation
fertility. That is why the sale of biomass is not included in our calculations.

Cost-benefit analysis

Table 2 sums the most potential benefits and the most relevant costs that a small-holder from
North Tapanuli has to take into consideration if he/she wants to run JCL plantation. Generally, as it
was already mentioned, the first years require huge financial inputs from the perspective of the small-
holder household economy level. In this case, low adoption rate of JCL among local household could
be expected.

Table 2
Costs of establishing plantation of Jatropha curcas L. in study area
Year of MU 1 2 3 4 >
plantation onwards
Yield kg-ha' 1,000 2,000 3,000 4,000 5,000
Seed price USD-kg'! 0.05 0.05 0.05 0.05 0.05
Benefits USD 54.35 108.70 163.04 217.39 271.74
Costs USD 440.11 191.30 191.30 191.30 191.30
Balance USD -385.76 -82.61 -28.26 26.09 80.43
Benefit-cost ratio — 0.12 0.57 0.85 1.14 1.42

Table 3 shows the results of the benefit-cost analysis. Based on similar studies [22], two discount
rates were applied, 10 % and 20 %, in order to approximate the social cost of capital and market
borrowing rate, respectively, and the period of plantation was set on 20 years. In the case of lower rate,
the net present value (NPV) reaches the positive value equal to USD 7.44 and the benefit-cost ratio
(BCR) 1.004, comparing to the NPV equals to USD -199.1 and BCR 0.825 for a higher rate.
Correspondingly, the internal rate of return (IRR) is equal to 10.36 %.
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Table 3
Economic evaluation of Jatropha curcas L. cultivation in study area
Year | Costs | Benefits Discqunt factor (q) Discqunt factor (q)
® | © | ® =0 —
Cd/q B/q NPV CJ/q B/q NPV
1 440.1 54.4 400.1 49.4 -350.7 366.8 45.3 -321.5
2 191.3 108.7 158.1 89.8 -68.3 132.9 75.5 -57.4
3 191.3 163.0 143.7 122.5 -21.2 110.7 94 .4 -16.4
4 191.3 217.4 130.7 148.5 17.8 92.3 104.8 12.6
5 191.3 271.7 118.8 168.7 49.9 76.9 109.2 32.3
6 191.3 271.7 108.0 153.4 45.4 64.1 91.0 26.9
7 191.3 271.7 98.2 139.5 41.3 53.4 75.8 22.4
8 191.3 271.7 89.2 126.8 37.5 44.5 63.2 18.7
9 191.3 271.7 81.1 115.2 34.1 37.1 52.7 15.6
10 191.3 271.7 73.8 104.8 31.0 30.9 43.9 13.0
11 191.3 271.7 67.1 95.2 28.2 25.7 36.6 10.8
12 191.3 271.7 61.0 86.6 25.6 21.5 30.5 9.0
13 191.3 271.7 55.4 78.7 23.3 17.9 25.4 7.5
14 191.3 271.7 50.4 71.6 21.2 14.9 21.2 6.3
15 191.3 271.7 45.8 65.1 19.3 12.4 17.6 5.2
16 191.3 271.7 41.6 59.1 17.5 10.3 14.7 4.4
17 191.3 271.7 37.6 53.8 15.9 8.6 12.2 3.6
18 191.3 271.7 34.4 48.9 14.5 7.2 10.2 3.0
19 191.3 271.7 31.3 44.4 13.2 6.0 8.5 2.5
20 191.3 271.7 28.4 40.4 12.0 5.0 7.1 2.1
Total | 4,074.9 | 4,891.3 | 1,8549 | 1,862.31 7.4 1,138.9 939.8 | -199.1

Scenarios

Low living standard criteria which are referred as important for farming and rural systems
development [27] were observed in the study area, particularly in the terms of education, cash
availability and market orientation [19; 20]. Thus, rural extension techniques focused on processing
JCL seed via press machines will be very limited. Correspondingly, higher JCL yields hardly can be
expected in the upcoming decade due to the combination of biological and economical limits. On the
other hand, increasing of the purchasing price from the present USD 0.05 to USD 0.11, e.g., through
involvement of private companies in market-chain development (e.g., by contract farming), and/or,
support of the farmers with initial costs of plantation via development projects, (e.g., by microcredit),
seem to represent two suitable solutions.

The following numbers are obtained if the purchasing price would increase to USD 0.11 per one
kg of the harvested seeds: NPV (i =10 %) = USD 1,867.0 and NPV (i =20 %) = USD 740.6. Negative
NPV value is reached when the discount rate would increase to 55 %. BCR ratio will increase to 1.65
and 2.01 respectively. IRR will increase to 54.67 %. However, increase of the purchasing price
depends on many aspects, such as oil prices, input prices, market-chain development etc. Thus, our
results can serve as guidance for local policy makers to expect higher probability of JCL adoption
among the small-holders in the study area based on the financial benefits from increasing the
purchasing price of JCL seeds. One possible solution is to focus on value-added development among
the farmers through viable and suitable extension of agricultural production and processing, which was
documented by other authors [28].

The second scenario focuses on direct support of farmers with initial costs through development
projects, governmental interventions and/or development of microcredit systems. Initial costs are
usually considered as the total sum of both financial and non-financial inputs that were invested into
establishment of plantation, e.g., till the harvest became relatively stable. In our situation, annual
yields became more or less constant since the fifth year of JCL cultivation. Nevertheless, considering
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the total value of microcredits per farmer or the total sum of money invested into one farmer through
development assistance, only initial costs for the first year are considered in our study. Regarding to
this, NPV will be positive after 20 years of cultivation for any discount rate and JCL plantation starts
to be profitable for the farmer even during the first five years.

Based on these findings and other surveys [29; 30], combination of agricultural extension in the
terms of value-chain development with financial support of initial costs (which should be reduced to
purchasing of seedlings only) will represent both a viable and suitable development plan for JCL
plantation development in the target region.

Conclusions

JCL cultivation by small-holders in North Tapanuli district can be assumed as a viable and
suitable activity, based on both, the ecological requirements of JCL and on the structure of the local
farming systems. Labour force and seedlings represent the most important cost and the economic
efficiency remains quite low as the purchasing price is too low. Contract farming, ensuring higher
purchasing price, and/or, development activities oriented on support to the farmers with initial costs,
for example, through microcredits or support of vertical integration of JCL cultivation, can increase
the adoption rate of JCL among the local small-holders in North Tapanuli district.
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