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ABSTRACT (250 words) 21 

Jatropha curcas is a multipurpose, drought resistant, bio-fuel tree originating from Central 22 

and South America, but now growing pantropic.  The tree produces seeds containing 27-23 

40% inedible oil, which is easily convertible into bio-diesel.  Although even some basic 24 

agronomic characteristics of J. curcas are not yet fully understood, the plant enjoys a 25 

booming interest, which may hold the risk of unsustainable practice.  Our qualitative 26 

sustainability assessment, focusing on environmental impacts and strengthened by some 27 

socio-economic issues, is quite favorable as long as only wastelands or degraded grounds 28 

are taken into J. curcas cultivation.  Preliminary life cycle energy and GHG balances are 29 

positive, but the GHG balance is expected to be much dependent on the type of land use 30 

which is converted to J. curcas.  Removing natural forest will have a severe impact on the 31 

global warming potential of the Jatropha bio-diesel.  The cultivation intensity and the 32 

distance to markets is expected to have a significant impact on the GHG balance as well.  33 

Similar reasoning applies for the impact on soil, water, vegetation structure and 34 

biodiversity, although the latter will always depend on local circumstances.  Next to bio-35 

diesel production and wasteland reclamation, J. curcas also hosts socio-economic 36 

development potential.  The multipurpose character of the plant and the labour intensive 37 

production chain are thought to be the main drivers for rural development, but are 38 

uncertain.  Environmental, economic and social sustainability dimensions interact and 39 

cannot be seen separate.  In order to achieve best results with respect to both environmental 40 

as socio-economic issues, decisions have to be based on local environmental, economical, 41 

cultural and social characteristics. 42 

 43 
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1 INTRODUCTION 46 

Jatropha curcas L. (Euphorbiaceae) receives a lot of attention as a source of 47 

renewable energy.  The plant has its native distributional range in Mexico, Mesoamerica, 48 

Brazil, Bolivia, Peru, Argentina and Paraguay, but is now growing pantropic.1  As stress-49 

tolerant ruderal the drought resistant, oil bearing small tree is well adapted to tropical semi-50 

arid regions and marginal sites, although good environmental conditions show better crop 51 

performances (own analysis of reported environmental conditions and production rates).  J. 52 

curcas is easily propagated and can establish quickly in a wide variety of soils, but the plant 53 

suffers immediately from frost and waterlogging.2  The J. curcas seeds contain 27-40% 54 

(own calculations based on 38 reported datasets) inedible oil which can be easily converted 55 

to bio-diesel that meets the American and European standards.3  The bio-diesel production 56 

chain also results in some valuable by-products (e.g. seedcake, fruit husks, glycerin) (fig. 57 

1).  These general characteristics and potentials of J. curcas result in a booming interest, 58 

which may hold the risk of unsustainable practice.  The aim of this paper is to make a 59 

qualitative but critical analysis of the expected sustainability of bio-diesel production from 60 

J. curcas, with the main focus on the environmental sustainability, using a life cycle 61 

approach.  Since sustainability knows different dimensions which cannot be seen separate, 62 

we also touch some basic socio-economic issues in a qualitative way. 63 

 64 

Insert figure 1 65 
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 66 

2 ENVIRONMENTAL IMPACT 67 

To address the environmental sustainability dimension we use a life cycle approach.  68 

Life cycle assessment (LCA) has shown to be an appropriate tool to measure impacts and 69 

analyze the sustainability of a production chain.4,5  In LCA, impacts are calculated based on 70 

the comparison between the system of interest and a reference system.  For a bio-diesel 71 

production system the reference system is the fossil based system that produces an equal 72 

amount of energy and (by-)products.  In the following the most relevant LCA impact 73 

categories are discussed. 74 

2.1 Energy balance 75 

In the energy impact category, the total life cycle energy input and output is 76 

accounted for.  The first limited LCA case studies6,7 on bio-diesel production from J. 77 

curcas show a positive energy balance after allocating the energy input to the different 78 

products (end-product and by-products).  The LCA of the system using intensive 79 

cultivation, applying fertilizer and irrigation7, resulted in a less positive energy balance 80 

compared to the study investigating the system using low input cultivation6.  This means 81 

that in the case study where J. curcas was cultivated intensively this extra energy 82 

investment in the application and production of irrigation and fertilizer did not completely 83 

pay off in an extra energy production in the form of bio-diesel.  The outcome of these case 84 

studies has to be seen in the light of the present knowledge gaps in the cultivation of J. 85 

curcas.  It is still a wild plant which shows high variability in growth and yield parameters.8  86 
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Insufficient systematic selection of good genetic material for different agro-climatic 87 

situations has been done, certainly for the marginal conditions for which J. curcas is hyped 88 

as future’s hope.  Furthermore there is a lack of data on growth, water use and nutrient 89 

cycling, which makes it impossible to determine the optimal management practices.  Such 90 

optimization is necessary to improve/optimize the energy balance. 91 

At present mechanical oil extraction is the most common practice and is the least 92 

contributing production step in the energy requirement of the production chain (± 8% of 93 

total life cycle energy requirement according to the available studies7,6).  Considering the 94 

scale of the oil production at present, mechanical oil extraction is seen as the best practice.  95 

Solvent extraction is energy intensive and as such only economical in large-scale 96 

production systems. 97 

Both available studies6,7 show that the transesterification is the biggest contributor 98 

to the energy requirement of the final bio-diesel product (i.e. after allocation).  This shows 99 

that the use of the pure J. curcas oil would significantly improve the energy balance.  100 

Although the use of pure plant oil is less energy efficient9 and still brings up some engine 101 

problems,10 it shows some opportunities for local use.  In general, older diesel engines 102 

running at constant speed, often used in the agricultural sector, have fewer problems with 103 

pure plant oil, which opens up possibilities for irrigation pumps and generators in countries 104 

in the South.  In case of using such engines, the lower energy efficiency of the pure oil 105 

compared with the transesterified oil will probably be of no significance. 106 

Transportation consumes energy throughout the whole production chain.  In case of 107 

strong centralization of the bio-diesel processing units (oil extraction and 108 

transesterification); this consumption might be considerable.  More important will be the 109 
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choice to use the end product locally or to export it to remote markets. Transporting the J. 110 

curcas bio-diesel from the tropical regions to European or American markets will make the 111 

energy balance less positive (in the study of Tobin and Fulford5 the positive energy effect 112 

was reduced with 8%).  Exporting the J. curcas seeds or oil to be processed near those 113 

remote markets is expected to have a higher impact. 114 

In the studies mentioned before, allocations were made to the energetic content of 115 

the by-products (e.g. seed cake and glycerin).  This allocation made the calculated energy 116 

balances much more positive.  In reality the balance will only be positive if the accounted 117 

by-products are used efficiently.  Seedcake can be used as bio-fertilizer, but it can also be 118 

used as feedstock for biogas production before using it as soil amendment.  The effluent of 119 

the digester is still very valuable to substitute chemical fertilizer.  After detoxification the 120 

seed cake is suitable as protein rich animal feed as well.8  In case that the detoxification 121 

becomes viable, using the cake as fodder is believed to considerably improve the energy 122 

balance of the system.  The glycerin can be burned or substitute for the fossil based 123 

production of the glycerin used in the cosmetic industry.  Using other by-products will 124 

again improve the energy balance.  The fruit husks can be fermented as well, but have 125 

shown to be a successful feedstock for gasification, achieving similar results as wood.11  126 

Furthermore there is the pruned wood which can produce heat.  There is wood from annual 127 

pruning and wood from coppicing the total aboveground biomass every 10 years.  The 128 

feasibility (economically, environmental, infrastructural) of using these by-products 129 

efficiently in practice is still under debate and is much dependant on the organization of the 130 

production system and local traditional practice and potential. 131 
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2.2 Global warming potential 132 

The global warming impact category refers to the impact the production and use of 133 

a product has on global warming compared to the reference system.  Both aforementioned 134 

limited LCA case studies showed lower impacts for the bio-diesel system in comparison to 135 

fossil diesel.  Although 90% of the life cycle greenhouse gas (GHG) emissions are a result 136 

of the end use (fig. 1) of the bio-diesel7 it is interesting to discuss the most important 137 

contributing steps of the production phase.   138 

In accordance with the energy requirement, the cultivation and transesterification 139 

steps are important potential contributors.  Applying fertilizer and irrigation causes 140 

considerable GHG emissions.  The production of fertilizer is GHG intensive, but the 141 

importance of the air emission, such as N2O, caused by the addition of nitrogen to 142 

agricultural systems in the form of synthetic fertilizer may not be underestimated.12,13  143 

Again, further investigation into the optimization of inputs is necessary in order to reach an 144 

optimized GHG balance.  The same applies for the transesterification.  Adding this 145 

chemical conversion causes substantial amounts of additional GHG emissions.  With 146 

respect to transportation and efficiently using the by-products, the same reasoning as with 147 

the energy balance applies. 148 

For the impact on the global warming potential of J. curcas in comparison to a 149 

fossil based diesel production system, we also have to account the GHG emissions caused 150 

by the land use change from the original land use to J. curcas cultivation.  This source of 151 

GHG emissions is not included in previous cited LCA case studies.  The amount of GHG 152 

emissions caused by land use change is much dependant on the kind of the original land use 153 
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which is removed in favor of J. curcas.  The average carbon stock of the J. curcas biomass 154 

stand then has to be compared with the average stock of the base line scenario, which is the 155 

mix of original land use.  Replacement of natural dryland forest would for example cause a 156 

significant GHG emission that may not get compensated by the carbon offset in the new 157 

plantation.14  Since yields are rather unpredictable, both on good as on bad sites, allocating 158 

wasteland to J. curcas can be seen as the lowest risk option at the moment.  Removing the 159 

present vegetation from wasteland sites will in most cases not cause high GHG emissions.  160 

For conversion of forest land, this will not be the case.  The carbon sequestration rate of J. 161 

curcas (± 2.25 tons CO2 sequestration in the standing biomass, excluding the seeds, ha-1 yr-162 

1)8 will probably be higher than wasteland vegetation as well.  Such higher rate will again 163 

lower the global warming impact of the system.  Furthermore the land use change will have 164 

its impact on the soil carbon as well.  Although this is difficult to prospect it can be 165 

expected (see the impact on soil in section 2.3.2) that in case of wasteland reclamation the 166 

J. curcas system, including the use of the seed cake as soil amendment, will increase the 167 

carbon sequestration in the soil, while for conversion of forest land, soil carbon 168 

mineralization would cause GHG emissions. 169 

2.3 Land use impact 170 

In this category, the impact of the new land use is assessed in comparison to the 171 

impact of the baseline scenario, which is the mix of the former land use in the considered 172 

plantation area.  In order to express such impacts independent from the local site 173 

conditions, both impacts have to be calculated in relation to a predefined reference system 174 
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(e.g., the potential natural vegetation of the site).  In such an assessment, we may look at 175 

the impact on the ecosystem structure and functioning.15   176 

Since the amount of occupied area is an important factor of land use impact, it is 177 

clear that for this impact category the J. curcas cultivation will be the most important step 178 

of the whole bio-diesel production chain.  Since a comparison is made with the original 179 

land use, the land use impact of introducing J. curcas cultivation will mainly depend on the 180 

type of land use which is removed in favour of J. curcas.  In the following qualitative land 181 

use impact assessment we will use the two extremes to clarify our reasoning (i.e., wasteland 182 

versus natural forest).  The system for J. curcas cultivation is an important variable as well.  183 

Three cultivation systems can be distinguished: (i) J. curcas in hedges, as living fence, for 184 

control or prevention of soil erosion (wind break, contour trenching, sediment traps); (ii) 185 

small scale agroforestry and block plantations and (iii) large scale commercial monoculture 186 

plantations. 187 

2.3.1 Ecosystem structure 188 

The drought tolerant character of J. curcas makes it possible to reclaim wastelands 189 

which are only covered with scarce vegetation.  In such a situation the introduction of J. 190 

curcas is expected to cause an improvement of vegetation structure and biodiversity. A 191 

reverse effect is expected when a relatively undisturbed natural ecosystem (e.g. savannah 192 

woodland, miombo and mopane woodland, dryland forest) is converted to J. curcas.  In 193 

comparison to the marginal vegetation on wastelands J. curcas is expected to develop a 194 

higher biomass production and a better vegetative ground cover.  In such sites, the 195 

introduction of J. curcas can even stimulate the development of improved habitat patches 196 
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which provide opportunities for the establishment of other species.  The direction and 197 

strength of these possible effects on wastelands is strongly dependent on the system of 198 

cultivation.  Monocultures will build up a lot of living biomass and will create a 199 

microclimate, but will not create a lot of habitat diversity.  Furthermore such monocultures 200 

are often managed quite intensively as well.  The application of fertilizers, irrigation, 201 

biocides and soil work will bring along negative impacts on biodiversity.16  Hedges create 202 

more gradients and landscape connectivity, possible diversity sinks and corridors.17  The 203 

low management need of this cultivation type is believed to cause less severe impacts.  204 

However, fertilizing, particularly in the case of wastelands, will be necessary for 205 

sustainability, to achieve higher yields and to prevent soil exhaustion, again underlining the 206 

need for quantitative research in nutrient cycles and optimization of inputs.  In the case of 207 

converting wasteland, J. curcas seems to ensure an improvement in vegetation structure, 208 

while the impact on the biodiversity depends on the situation. 209 

In general we have to be aware that in most situations J. curcas is an exotic species.  210 

Some reports conclude that J. curcas shows invasive characteristics.18  In addition, the 211 

toxicity of the seed cake used as fertilizer might cause phytotoxicity expressed in a reduced 212 

germination2 of local species.  Research on the allelopathic effects of J. curcas on the local 213 

ecosystem is required in order to clarify these issues. 214 

2.3.2 Ecosystem functioning 215 

Jatropha curcas can be propagated vegetatively (cuttings) and generatively (seeds).  216 

Propagated by seed, the plant develops a remarkably predictive root structure with a taproot 217 

and four laterals (pers. obs.).  When using cuttings the taproot will not form and the root 218 
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system will evolve into a dense root carpet, suitable for preventing sheet erosion and for 219 

accumulating sediment, but vulnerable to landslides and uprooting by wind.  The plants 220 

propagated through seeds are believed to be very suitable for erosion (water and wind) 221 

control and prevention.  A lateral rooting system stabilizes the superficial soil and the 222 

strong anchoring of a taproot makes J. curcas extremely promising for soil stabilization.19  223 

The protection against erosion can be strengthened by simple management practices.  224 

Leaving the shed leaves and the weeded undergrowth as mulch and bringing back the 225 

seedcake as bio-fertilizer is believed to have a positive effect on the soil.  The enrichment 226 

of organic material improves the soil structure and the water holding capacity.  The 227 

cultivation of J. curcas for bio-diesel production is expected to have an overall positive 228 

effect on the fertility, stability and carbon storage of soils in wasteland situations.  But, 229 

again, a lot will depend on the management intensity.  The use of heavy machinery may 230 

cause compaction, which in turn can inhibit many positive effects.  Replacing natural forest 231 

may have significant mechanical impacts on the soil at first.  In such case it is reasonable to 232 

expect that substantial amounts of organic matter will get lost through decomposition, 233 

causing mainly negative impacts on GHG emissions, soil fertility, soil structure and water 234 

holding capacity. 235 

Currently, the erosion prevention capacity of J. curcas has not been subject to 236 

quantitative research.  J. curcas is a deciduous species, shedding its leaves during dry 237 

season.  The leaves will only re-grow when water becomes available again.  The first rains 238 

of the following rainy season are thus not buffered by the canopy.  These first rain events 239 

might cause significant soil loss.  The leftover mulch might be a good buffer during this 240 

period. 241 
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The use of seedcake is believed to be very positive for soil organic matter and soil 242 

structure.  However, the seedcake contains toxins (phorbol esters, trypsin inhibitors, lectins, 243 

phytates), which give the cake biopesticidal/insecticidal and molluscicidal properties,8,20 244 

but could have an impact on microbial communities and biogeochemical cycles as well.  245 

Research on long term effects of seedcake addition to soil is necessary.  Furthermore 246 

caution is necessary on the use of the seedcake as fertilizer for edible crops.  Although the 247 

phorbol esters decompose completely within 6 days,20 it is still advisable to check the 248 

absence of phorbol esters in those edible crops. 249 

In the assessment of the impact on the water balance we have to look both at on-site 250 

effects as on off-site effects.21  Starting from wasteland J. curcas will bring on-site 251 

improvement of the water balance.  Through the strong increase in evapotranspiration (ET), 252 

causing a reduction of surface runoff and a higher infiltration capacity, J. curcas will give 253 

the system more control over the water cycle.  These on-site effects might cause a more 254 

leveled flow in the rivers and streams off-site (i.e. increasing base flow, less peak flows and 255 

no flash floods).  In case the ET of J. curcas would exceed the ET of the natural vegetation 256 

this would lead to decreasing water availability downstream.  This effect has already been 257 

shown for Eucalyptus,22 but still has to be investigated for J. curcas. 258 

3 SOCIO-ECONOMIC POTENTIAL 259 

The environmental side of the story is very important, but it is not the main driver of 260 

development in the South.  Economic viability and social benefits are the first concerns 261 

when it comes to the implementation of a new biological production system in developing 262 

countries and thus cannot be seen separate.  In fact no project can be considered sustainable 263 
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if it is not economical or social sustainable.23  Since this is a complex matter and since only 264 

little is known, we will only discuss some basic issues specific to J. curcas in a qualitative 265 

way. 266 

J. curcas is a toxic plant which produces inedible oil.  With respect to land use 267 

pressure there is well founded concern that expansion of J. curcas cultivation could 268 

displace food production in rural areas.  If it is produced on lands which are not suitable for 269 

edible crop production this will, of course, not be a problem.  However, if market prices for 270 

bio-diesel continue to rise, countries that wish to maintain land in food production might 271 

need to consider offering appropriate incentives to farmers not to switch to this cash crop.  272 

On the other hand the toxicity of the J. curcas seeds, oil and cake can hold human health 273 

problems.  Since the workers are in close contact with the seeds, oil and seed cake, 274 

accidental intake cannot be fully excluded.  Furthermore, some studies isolated a tumor 275 

promoting phorbol ester from the J. curcas oil.24,25  We have to be aware of this health risk, 276 

since the skin of the workers comes into direct contact with the oil easily. 277 

The cultivation, but mainly the harvesting of the J. curcas fruits is very labour 278 

intensive.  The fruits have to be harvested at maturity.  Since the fruits do not ripen all at 279 

the same time, the harvest cannot be mechanized yet.  Such high labor requirement both 280 

brings along potential socio-economic benefits and risks.  In areas with high legal 281 

unemployment this labor need may translate into substantial job creation.  But, labour both 282 

has its economic and social costs.  The presence of available jobs does not automatically 283 

improve rural livelihood.  Attention has to be paid that new jobs meet national and 284 

international standards.  Reported cost-benefit analyses26,27 are variable and often do not 285 

include the full cost of labour that meets national and international standards, as they use 286 
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the legal minimum wage of the country at stake.  In fact, using the full cost of labour may 287 

render such analyses as unprofitable.  Considering both the economic and social costs of 288 

labour in an intensive system, as J. curcas, together with the current market prices, 289 

knowledge gaps on the J. curcas system and specific social and cultural contexts the 290 

economic viability of a J. curcas based oil production system is uncertain.  Technological 291 

innovations may improve the socio-economic viability of such initiatives in the future. 292 

Socio-ecological strengths of J. curcas are that (i) it already grows ‘naturally’ in 293 

many places and (ii) that it is a multipurpose plant.  J. curcas is traditionally used for 294 

medicinal purposes.  In some communities the oil is used to make soap.  Furthermore, the 295 

plant, which is not browsed, is used as a living fence to protect food crops, as a tool for 296 

ecological restoration in degraded areas, and as erosion control and prevention.28,29  If, in 297 

such situations, the seeds are harvested and sold to bio-diesel producers, the result will be 298 

rural job creation and income generation.  If the investment has been made for functions 299 

other than bio-diesel production, the sale of the seeds is an additional benefit.  In addition to 300 

these purposes the bio-diesel production from J. curcas not only results in a fossil fuel 301 

substitute, but also in an array of by-products which are locally interesting. 302 

The organization model of the production chain is believed to have an impact on the 303 

socio-economic potential as well.  A distinction can be made between (i) large- scale, 304 

centralized estates working with outgrowers; and (ii) a decentralized setup.8  Using the 305 

decentralized model is believed to increase the local availability of the bio-diesel and by-306 

products8 enhancing the rural development, although it is not clear that decentralized setups 307 

have the potential to take full advantage of these opportunities.  This is mainly dependent 308 

on local culture and available capability and knowledge.  Centralized setups, on the other 309 
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hand, gain economies of scale from the income of the bio-diesel and the by-products.  The 310 

contract farmers generally have an ensured market for their seeds and in many cases crop 311 

management support.  Centralized estates may enhance rural development mainly through 312 

job creation, income generation and capability support, but this can only be positively 313 

acknowledged if those systems comply with national and international labour standards.   314 

The investments needed for a decentralized initiative are smaller than in the case of 315 

a centralized setup, but in general the same applies for the shoulders which have to bear 316 

these investments.  Since the annual seed yield is only roughly known and the 317 

responsiveness of the yield on inputs as fertilizers and irrigation is still badly understood, 318 

this question on economic viability is still impossible to address accurately.  This risk has 319 

to be taken both by centralized as decentralized setups.  Taking risks is an important part of 320 

the definition of entrepreneurial.  Clearly only the better endowed farmers will be able to 321 

experiment in this upcoming agricultural production system and show the way, this also 322 

applies for both centralized as decentralized setup. 323 

Important to mention is the double potential of J. curcas bio-diesel to attract carbon 324 

credits from the Clean Development Mechanism (CDM) market.  J. curcas can be used for 325 

CDM afforestetion/reforestation projects with carbon credits for the carbon sequestration.  326 

Simultaneously these projects can serve as CDM energy project as well, which can apply 327 

for credits for the substitution of fossil fuels. 328 

4 CONCLUSION 329 

With the available knowledge on J. curcas, it is not easy to answer the title 330 

question.  Concerning seed yield and yield responsiveness of inputs, there is a serious lack 331 
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of workable data.  J. curcas is still a wild plant which exhibits a lot of variability in yield, 332 

oil content and oil quality.  Given the booming interest which J. curcas receives nowadays, 333 

there is an urgent need for better data to guide investments.  Preliminary results on the life 334 

cycle energy balance and global warming potential of bio-diesel from J. curcas are 335 

favorable, but it is important to note that the GHG balance is tightly linked to the type of 336 

land use which is removed and the intensity of the cultivation.  Impacts on vegetation 337 

structure, biodiversity, soil and water are uncertain, but are expected to be unacceptable in 338 

case of converting relatively undisturbed (semi-)natural ecosystems to J. curcas.  In case of 339 

reclaiming wasteland and degraded grounds impacts are expected to be acceptable or even 340 

positive.  Based on the uncertainty and the discussion above, we would like to be cautious 341 

and restrict public funding to J. curcas introduction to wastelands or degraded grounds, 342 

where environmental benefits might outweigh against potential negative impacts and where 343 

J. curcas can fully show its multipurpose potential (as decided in India).  From a socio-344 

economic point of view, we would recommend that initial efforts not start with immediate 345 

involvement of individual small-scale farmers and their fields.  First, science and business 346 

models need to be given time to be applied.  There is urgent need for systematic yield 347 

monitoring for different input regimes and for systematic selection of the best suitable 348 

genetic material.  Downstream of the J. curcas cultivation, the authors call for the use of 349 

different models to properly fit cultural and social contexts with systematic monitoring to 350 

ensure that lessons are learned and transmitted. 351 

Sustainability can be framed by three inseparable dimensions: environmental, 352 

economic and social.23  Higher sustainability in one dimension does not necessarily cause 353 

higher sustainability in the other.  From an environmental point of view J. curcas 354 
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cultivation is best restricted to wasteland, but will that be economically and socially viable?  355 

Low technological setups can improve the energy balance and the global warming potential 356 

of the system, but on the other hand can imply socially unacceptable labour conditions.  357 

From a biodiversity perspective the hedge cultivation of J. curcas is expected to have the 358 

least negative impact, but this cultivation type is probably the least economic.  Highly 359 

negative impacts in a certain dimension can cause negative impacts in another dimension or 360 

the other way around.  Negative impacts on environment itself can cause negative impacts 361 

in the social dimension.  Such interactions are often situation-specific and oblige us to base 362 

our decisions on the environmental, economic and social characteristics of the places at 363 

interest.  Decisions on tradeoffs between the different sustainability dimensions show us 364 

that also the political and ethical side of bio-energy production cannot be ignored. 365 
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Figure 1 – J. curcas biodiesel production chain 470 
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