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The life cycle analysis and modeling of Jatropha as biofuels
in the dynamic economic environment of newly emerging economies
41V K+B.RRPUN=FKAI - EN—IVKEZHAKIE Sangeeta Sinha

India’s economy is projected to expand at 6%
and above per annum till 2020, despite a global
economic slowdown. Accordingly, the demand
of primary energy is expected to grow at over
8.5% per annum. India is likely to be the third
largest consumer of transportation fuels by 2020,
after US and China. The overall transport fuel
consumption is growing at the rate of 6.8% per
annum, taking 1999 as base year. It is estimated
that gasoline imports will reach US$ 20 billion by
2020 (assuming crude oil costs US$ 100/barrel)
if a viable biofuel solution is not developed. Its
energy security would remain vulnerable until the
credible supplements to reduce the consumption
of liquid fossil fuels are found, and/or indigenous
resources are completely substituted for them.

The Indian government has identified Jatropha
as one of the most suitable bio-diesel feedstocks
since 1t can be grown on wastelands and/or
marginal lands. Jatropha seeds contain high
percentage of non-edible oil, and their plants can

(B EL 4 T O Sinha #E%51%)

withstand the periods of long drought.

Bio-ethanol and bio-diesel are two main “end
products’, which can be used as liquid fuels.
The economics of bio-fuels favor corn-based
ethanol production. It is expected to reach 12
billion gallon by 2015, annihilating ~30% of the
production of corn crops world-wide. This may
trigger escalation in food prices and food crisis
in third world countries. On the other hand,
the bio-diesel derived from non-edible vegetable
oil, such as Jatropha's, poses no such threats.
Jatropha can be grown on marginal and waste
arid lands. Its seeds has the high content (35-
50%) of non-edible oil, which can be processed
into non-polluting bio-diesel. The remaining
part (Jatropha Cake) can be used as fertilizer
due to the high content of N, P and K. The
pattern of seed production in Jatropha plants
makes it unsuitable for mechanized farming and
processing. Decentralized energy productions
especially in remote areas or rural areas are
the most suitable applications. The 10 million
hectare wasteland suitable for Jatropha crops can
generate 7.5 million metric tons of fuel annually.

An investigation into the life cycle assessment
(LCA) of bio-diesel from Jatropha seeds favors
Jatropha plantation, as compared to biomass to
liquid fuel (BTL), since a function of different
land use changes the patterns and conditions of,
for example, irrigation and fertilizer application
in semi-arid regions. A case study of Jatropha
plantation for oil seed production in the Panna
district, Madhya Pradesh, an arid region in
central India, confirms the findings.

The life cycle of bio-diesel examined in this
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study includes the cultivation of Jatropha
on wastelands, poor agricultural lands and
scantily planted forest lands, Jatropha oil
extraction as well as base-catalyzed Jatropha oil
transesterification to bio-diesel. Subsequently,
the results are compared with the cultivation
of food grains on good agricultural soil as
well as reclaimed soil, along with the bio-
diesel produced from the agri-residues by
Gasification and Synthesis process (F-T). The
carbon emission through Jatropha plantation
on wastelands, scantily planted forest lands and
poor agricultural lands without using fertilizer
and irrigation is estimated as 159 kg CO,-e. The
emission increases from 159 kg CO,-e to 2338
kg CO,-e if the fertilizer and irrigation are used.
In case of the BTL produced from agri-biomass,
the carbon emission per hectare comes out to be
only 253 kg CO,-e even after the use of fertilizer
and irrigation with 10% allocation factor for
agricultural wastes.

The net carbon reduction potential per hectare
through bio-diesel production from Jatropha
plantation is found better than the BTL produced
from agricultural wastes in the Panna case study.
This life cyle analysis indicates that Jatropha
plantation in wastelands without fertilizer and

Life Cycle Analysis and N!odleling
(LCAM) of Jatropha as bnodlese

Prof. Sangeeta Sinha

prof.ssinha@gmail.com

irrigation has a better carbon reduction potential,
but, if planted for bio-diesel production, it has
a small diesel replacement option due to low
productivity. For a commercial use, therefore,
fertilizer application and irrigation are importent.
An investment in Jatropha plantation can provide
a better conventional diesel replacement option
per hectare. Field experiments are initiated
in wastelands of the Panna district of Madhya
Pradesh, India, to validate the findings. Field
experiments also include the validation of new
techniques such as Partial Root Drying technique
(PRD) and Earthen Pot Irrigation System (EPIS)
for high water use efficiency.
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