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ABSTRACT 
 

In recent times, the world has been confronted with an energy crisis due to 
depletion of resources and increased environmental problems. India itself imports 
around 70 percent of its oil requirement. Diesel is the primary transport fuel of the 
country. It comprises of around 42% of total fuel market. Our country imported 
around 2.3 million tonnes of diesel in 2007-08 against 9.6 lakh million tonnes in 
2006-07. The situation has led to the search for an alternative fuel for petro-diesel, 
which should be not only economically sustainable but also environment friendly. 

Of course the interest in the Jatropha plantation primarily focuses on biodiesel. 
The key factor is: Will it be possible to establish the right cultivation and processing 
methods so that the Jatropha plant can produce a high-quality fuel which can 
compete with petrochemical diesel in terms of price? One key element that makes 
all the difference between success and failure is the cost factor — in other words, 
the potential returns. 

Nobody in the country is in the favor of the implementation of a high-tech 
agrarian methodology that needs maximum input to delivers bumper crops. 
Contrary, people are looking for a practicable type of cultivation that is compatible 
with the routines and possibilities of local farmers, so that the Jatropha plantations 
can be profitable for the rural cultivators with a minimum input of men, money and 
materials. 
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INTRODUCTION 

Ever increasing consumption of 
petroleum products has been a matter of 
concern for the country for huge out-go of 
foreign exchange on the one hand and 

increasing emission causing environmental 
hazards on the other. As clearly evident from 
Fig. 1, the yearly import of crude oil has 
increased from 82 mmt in the year 2002-03 
to 122 mmt in the year 2007-08. It gives us * Author for correspondence 
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the clear indication of rising fuel 
consumption in our country. Apart from this 
the most important aspect considering the 
economy of our country in mind is that the 
average price of Indian crude basket 
imported from gulf has also shown an 
increasing trend from an average price of 
$26.22 per barrel in the year 2002-03 to $85 
per barrel in the year 2007-08 as shown in 
the Fig. 2. India needs to shift focus from 
short-term management of energy 
requirements and pricing to long-term energy 
policy in light of core objectives indicated 
above and particularly in light of recent price 
spikes up to 147$ per barrel in the 
international oil markets. The challenge then 
is to ensure supply of energy at affordable 
price within available resources.   

As the fifth largest consumer of energy 
in the world, India’s demand for oil and gas 
is projected to be above the world average in 
the near term. While self-sufficiency levels 
in crude oil still remain a distant dream, there 
is growing interest in development and 
commercialization of a bouquet of alternative 
fuels1. 

India is home to a billion people, about a 
sixth of the world's population. The demand 
for mobility and automobiles in India has 
also been growing along with the economic 
progress. Passenger vehicle sales in India 
crossed the million mark in year 2003 and 
this has been spread over different classes of 
vehicles. Widely fluctuating world prices of 
oil have long been a destabilising element for 
the country's balance of payments. In the 
year 2006-07 the consumption of diesel were 
about 52.32 million tonnes and growing at 
about 5.6 per cent annually2.  

India's vehicular pollution is estimated to 
have increased eight times over the last two 
decades. This source alone is estimated to 
contribute about 70 per cent to the total air 
pollution. With 243.3 million tonnes of 
carbon released from the consumption and 
combustion of fossil fuels in 1999, India 
ranked fifth in the world behind the U.S., 
China, Russia and Japan. India's contribution 
to world carbon emissions is expected to 
increase in the coming years due to the rapid 
pace of urbanisation, shift from non-
commercial to commercial fuels, increased 
vehicular usage and continued use of older 
and more inefficient coal-fired power plants.  

India also faces the problem of poverty 
and under-development. About 70 per cent of 
the population continues to earn its 
livelihood from agriculture. Improper land 
use and population pressure over several 
years has resulted in extensive degradation of 
agricultural land. Of the estimated 130 
million hectares of wasteland in India about 
33 million hectares are available for 
reclamation through tree plantation, 
according to Planning Commission figures. 
The answer to the above requirement is to 
search for an alternative to the natural 
resources of fossil fuel that could be 
produced by mankind and that too on waste 
lands or lands that cannot be cultivated. 
Moreover, crops like sunflower, rapeseed 
and tree borne oil seeds like Jatropha Curcas 
provide rich biomass and nutrients to the soil 
and check degradation of land -a major 
problem affecting nearly 65 million hectares 
of land. Hence, the current work is a stepping 
stone towards the methodology to look for an 
economically sustainable alternative to diesel 
in our country. 
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Fig. 1 : Year wise crude imports in MMT in India. 

                        

Fig. 2 : Year wise Indian basket crude imports price in $/barrel. 
 

METHODOLOGY 
Most of the research work for this paper 

has been performed through primary data. 
Although some secondary data base work 
have also been done. 

RESULTS AND DISCUSSION 
Technical and environmental aspects 

of Jatropha biodiesel 
Considering the up to date work done in 

the field of performance evaluation of 
Jatropha Biodiesel it has been established 

that up to 20% blend can work satisfactorily 
in the engine. Moreover considering the 
properties as shown in Table 1 for emission 
data of diesel and its blends and Table 2 for 
the properties of Diesel and Biodiesel, it can 
be very well concluded that biodiesel can be 
a suitable substitute for diesel in the future. 

Certain important technical observations 
needs to be handled carefully by the 
automobile manufacturers before adopting 
diesel blended with biodiesel as a suitable 
alternative are as follows : 
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The increase of biodiesel percentage in 
the blend involves a slight decrease of both 
power and torque over the entire speed range 
of the engine. In particular, with pure 
biodiesel there is a reduction by about 3% of 
the maximum power and about 5% of the 
maximum torque2. When the engine is fueled 
with pure biodiesel, exhaust gas temperature 
is lower than that for diesel fuel. This 
indicates that biodiesel has earlier 
combustion and longer expansion period6. 
Ignition-accelerator property of Jatropha 
Biodiesel needs proper correlation with its 
chemical properties in order to ensure wide 
spread usage of Jatropha Biodiesel as a blend 
with petro-diesel3. Residues formed in case 
of Petro-diesel at high temperatures like 370 
˚C may cause serious problems in the long 
run to the engine life where as impact of 
complete distillation of Jatropha biodiesel 
observed at the temperature of 370 ˚C needs  

further examination2. One of the most 
important biodiesel drawbacks is the 
deterioration of the lubricant properties: in 
fact, because of the high boiling point, the 
biodiesel that flows into the crankcase dilutes 
the lubricant progressively, modifying its 
additives properties. Since biodiesel has 
detergent characteristics, it may bring in 
suspension fuel tank sludge that may block 
fuel-ways in the fuel injection system. 
Moreover, biodiesel is not compatible with 
some plastic materials used in pipes and 
seals, which must be changed prior to use2. 
On the other hand, the increased viscosity of 
biodiesel and the electronic control system 
may lead to some increase in the injection 
pressure and to some injection advance, both 
changes being associated in the literature to 
an increased number of small particles4 but it 
also needs further investigation.  

 
Table 1: Emission data for diesel, B20 and B100 

Fuel HC (g/hp-hr) CO (g/hp-hr) NOx (g/hp-hr) PM (g/hp-hr) 
Diesel 0.06 1.49 4.5 0.102 
B20 0.06 1.38 4.66 0.088 
B100 0.01 0.92 5.01 0.052 
 

Table 2: Properties of Diesel and Jatropha biodiesel 
S. No.  Property Mineral Diesel Jatropha Biodiesel 

1 Density (kg/m3) 840 + 1.732 879 
2 Kinematic viscosity at 40 ˚C (cSt) 2.44 + 0.27 4.84 
3 Cetane No. 48-56 51 - 52 
4 Pour point (˚C) 6 + 1 3 
5 Flash point (˚C) 71+ 3 191 

6 Conradson carbon residue (%, w/w) 0.1 + 0.0 0.01 
7 Ash content (%, w/w) 0.01 + 0.0 0.013 
8 Calorific value (MJ/kg) 45.343 38.5 
9 Sulfur (%, w/w) 0.25 <0.001 
10 Carbon (%, w/w) 86.83 77.1 
11 Hydrogen (%, w/w) 12.72 11.81 
12 Oxygen (%, w/w) 1.19 10.97 
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Land availability 
As per land statistics, the total 

geographical area of India is around 329 
million hectares. Out of this, area under 
cultivation is about 173 million hectares as 
shown in Fig. 3 below. It is, generally, 
estimated that nearly 50 per cent of the 

geographical area of the country is either 
waste or degraded. Keeping in view the 
growing population and its fuel-fodder-food 
grain requirements, it is generally agreed that 
the existing cultivated areas should not be 
diverted to alternative uses like Jatropha 
cultivation5. 

 

Fig. 3 : Land Use Pattern of India (Total Land Area 328.73 Mha) 
                                
Considering that the country is bestowed 

with a large extent of wastelands, the focus is 
on utilizing these wastelands for Jatropha 
cultivation. 

Wasteland is described as “degraded 
land, which can be brought under vegetative 
cover with reasonable effort and which, is 
currently underutilized and/or land which is 
deteriorating for lack of appropriate water 
and soil management or on account of 
natural causes.” In India, wasteland estimate 
of around 55.3 m. ha includes 30.51 mha 
cultivable wastelands and 12.66 mha 
extremely degraded notified forest areas. 
Thus, wastelands to the extent of 43.17 mha 

can be brought under some productive use, 
Jatropha cultivation being one of the 
potential alternatives5. 

Of the several categories of cultivable 
wastelands, only five categories have been 
considered as suitable for Jatropha 
cultivation covering an area of 21.45 m ha. 
Similarly, the degraded notified forest area 
excluding arable land inside the notified 
forests and covering 10.84 m ha is 
considered suitable for Jatropha cultivation. 
The total wasteland area that is suitable for 
Jatropha cultivation, therefore, works out to 
32.29 mha. The category-wise details are 
given below in Table 3. 
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Table 3: Category of wasteland suitable for Jatropha plantations2 
 S. No. Land category Area (Mha) 

1 Gullied/Ravinous-Shallow (mainly Community, Govt.) 1.03

2 Land With Scrub (Government/Panchayats) 15.05

3 Land without Scrub (mainly Community, Govt.) 3.74

4 Saline/Alkaline-Slight (mainly private) 0.41

5 Shifting Cultivation – abandoned (community) 1.22

6 Degraded Forest –Scrub  10.84

  Total 32.29
 
As can be seen above, most of the 

degraded lands in the country are the 
Common Property Resources (CPRs). These 
resources include community pastures, 
community forests, panchayat lands and 
common dumping and threshing areas. The 
area of wastelands in the States in each of the 
above categories varies from negligible to 
large. Detailed discussions with State 
Governments indicate that the States are 
gearing up to take up Jatropha on wastelands.  

Biodiesel demand vs Area requirement 
for Jatropha cultivation 

Projections of the year-wise demand for 
petroleum diesel in the country, requirement 
of biodiesel for 5% blending and the area 

that needs to be planted with Jatropha to 
meet this biodiesel requirement are given 
below in Table 4. 

The Jatropha plantation of 2006-07 will 
produce enough seed to yield the required  

biodiesel in 2009-10 and the estimates 
for subsequent years are also made 
accordingly. 

From the above, it may be said that, for 
meeting the 20% blending requirements, 
roughly about 12 m ha area needs to be put 
under Jatropha plantations in the country. As 
against the estimated availability of 32.29 m 
ha for the purpose, this requirement appears 
to be very much achievable. 

Table 4 : Biodiesel Vs Area requirement for Jatropha cultivation5 

Year Diesel 
(Mmt) 

Bio-diesel 
Jatropha (Mmt) 

Additional Demand 
Requirement Area (Mha) 

Area 
(Mha)  

2006-07 52.33 2.62 2.54 0.12 

2007-08 54.95 2.75 2.66 0.12 

2008-09 57.69 2.89 2.79 0.13 

2009-10 60.58 3.03 -- -- 

2010-11 63.61 3.18 -- -- 

2011-12 66.9 3.35 -- -- 
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National biodiesel mission 
The phase II of the mission focuses on 

uncovered areas during the 11th plan with a 
target to achieve 20 percent blending of bio-
diesel with diesel by the year 2017. Phase II 
of national mission is proposed to be people 
driven with the government playing the role 
of facilitator. It aims to expand the program 
to cover up to 11 million hectare in phase II 
during the 11th Plan. In order to achieve the 
set targets, the National Mission will look 
into nurseries development, plantation on 
forest and non-forest lands, seed collection 
and oil extraction centers, transesterification 
units,  blending and marketing arrangements 
and research and development (RandD) 
studies to fill gaps in knowledge. It is clear 
that the country must move towards the use 
of biofuels as substitute for biodiesel for 
diesel. It implies the production of biodiesel 
in 2011-12 and coverage of land with 
Jatropha curcas as below1: 

 3.25MMT for blending @ 5% and 
coverage of area of 2.9 MHa 

 6.5 MMT for blending @ 10% and 
coverage of area of 5.8 MHa 

 13 MMT for blending @ 20 %, and 
coverage of area of 11.2 Mha 

Economics of Jatropha biodiesel  
and diesel 

Table 5 below gives a summary of the 
cost of biodiesel production and Table 6 
gives the cost breakup of diesel in Bhopal 
(India) with crude price in international 
market as $101 per barrel and one dollar 
equaling to Rs.46. Considering the 
economics presented below, it is evident that 
Jatropha Biodiesel can prove to be more 
economical than Petroleum diesel in Indian 
scenario. Moreover considering the fact that 
Indian economy is also growing with 
minimal impact of worldwide economic 
crisis, self reliance in terms of energy 
requirement will help in improving the 
economic health of the nation. Jatropha 
Biodiesel seems to be much better option for 
meeting the energy needs of our country in 
place of Petroleum Diesel. Nowadays 
Petroleum Ministry, Government of India is 
pressing hard for adopting dual pricing 
mechanism, i.e. charging actual price of 
diesel as per the international crude rate from 
the commercial users of diesel. 

Table 5 : Cost of biodiesel production 

S. No. Cost component Rate 
(Rs./Kg) 

Quantity 
(Kg) 

Cost 
(Rs.) 

1  Seed  10 3.28 32.8 
2  Cost of collection and oil extraction  2.36 1.05 2.478 
3  Less cake produced  1 2.23 -2.23 
4  Transesterification cost  6.67 1 6.67 
5  Less cost of glycerol produced   50 0.095 -4.75 
6 Cost of biodiesel per kg   34.968 
7 Declared goods tax@4%   1.39872 
8 Total cost per kg   36.36672 

9 Cost of biodiesel per litre   (specific  gravity of 
0.85)  30.91 
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Table 6 : Retail price of diesel in Bhopal (India) for 1 L 

S. No. Heads Unit Rate Total 
1 Ex depot price Rs./KL 30450.78 30450.78 
2 Reduction Rs./KL 91.19 -91.19 
3 Entry tax % 1% 412 
4 RPO factor Rs./KL 21.27 21.27 
5 Local transport Rs./KL 44 44 
6 Other levies Rs./KL 1 1 
7 VAT payable % 23% 7003.73 
8 License fee recovery Rs./KL 11 11 
9 Net retail price Rs./KL   37810 
10 Retail price per litre Rs./Ltr. 37.81 

CONCLUSION 
Capped prices of diesel are leading to 

decline in use of Naptha for power 
production as Naptha is priced around Rs. 
55,000 per MT where as Diesel is priced 
around Rs. 42,000 per MT. Thus an actual 
pricing model needs to be put in place by the 
Petroleum Ministry, Government of India so 
that the use of diesel is made optimum in our 
country with affecting any particular sector 
consuming it. Viewing the concept of CDM, 
as per Kyoto Protocol (1997) as an Annex 2 
country, Jatropha Biodiesel can prove to be a 
sustainable energy source in our country 
which may even help in earning a lot of 
carbon credits which may be further traded 
upon. Moreover use of Jatropha biodiesel can 
even help in mitigating the impact of GHGs 
emitted due to use of petroleum fuels. . 

Availability of ample amount of waste 
land in our country is also one of the strong 
points in favour of Jatropha seeds to be 
cultivated and used for Biodiesel production. 
Cost of feedstock is around 60-70% of the 

total cost of Jatropha Biodiesel, hence proper 
cultivation techniques must be adopted by 
the farmers to enhance the productivity and 
quality of the seeds in order to make it 
economically sustainable as compared to 
Petroleum Diesel in our country. Certain 
issues which need to be taken care off while 
adopting the Jatropha Biodiesel as a 
perennial source of energy are as follows : 

 Mass scale production of Jatropha 
Biodiesel to take advantage of 
economies of scale. 

 Maintaining the land allocation done 
as per National Biodiesel policy. 

 Maintaining the fuel Vs food ratio in 
terms of land utilization. 

 More emphasis on co-operative 
based production and utilization of 
Jatropha Biodiesel considering the 
success story of Amul. 
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