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ABSTRACT

Sustainable production of renewable energy is being hotly debated globally since it is increasingly understood that
first generation biofuels, primarily produced from food crops and mostly oil seeds are limited in their ability to
achieve targets for biofuel production, climate change mitigation and economic growth. These concerns have
increased the interest in developing second generation biofuels produced from non-food feedstocks such as non-
edible oils which potentially offer greatest opportunities in the longer term. A large variety of plants that produce
non-edible oils can be considered for biodiesel production such as Madhuca Indica (Mahua) ,Jatropha
curcas(Ratan Jyot), Pongamia pinnata (Karanja), Soapnut (Sapindus mukorossi) and Melia azadirachta (Neem)
etc., are easily available in developing countries and are very economical comparable to edible oils. This review
paper assesses and integrates about the different tree borne oilseeds, extraction of oil, biodiesel processing and
effect of different parameters on production of biodiesel. If the developed process is scaled up to commercial levels
then excellent business opportunity will be offered by the biodiesel and it could be a major step towards the creation
of an eco-friendly transportation fuel that is relatively clean on combustion.

Keywords: Tree borne oil seeds, Non edible oils, Transié&tation, Bio diesel.

INTRODUCTION

High petroleum prices demand the study of biofueldpction. Lower-cost feedstocks are needed simodidsel
from food-grade oils is not economically compettiwith petroleum-based diesel fuel. Non-edible pkils have
been found to be promising crude oils for the patidm of biodiesel. World annual petroleum consumptand
vegetable oil production is about 4.018 and 0.1ilibi tons, respectively [1]. The cost of biodiesad demand of
vegetable oils can be reduced by non-edible gitead of vegetable oil. Biodiesel is a clean lmgmecycled fuel
made from vegetable oils. It is chemically calleattiF Acid Alkyl Ester. Everthough diesel is part of its name,
there are no petroleum or other fossil fuels irdi@eel. Biodiesel is 100% vegetable oil based. Bl is made up
of almost 10% oxygen, making it a naturally "oxygesd" fuel. it is obtained by reaction of vegetablewith
alcohol in presence of catalyst. Burning fuels vkmtifrom vegetable oils does not contribute anyitamthl CO, to
the atmosphere, as the carbon released is the sanige carbon absorbed by the plants as they dusimg
vegetable oils is therefore beneficial to the emwinent, economy and to the atmosphere.

Throughout the world, large amounts of non-edibilg@lants are available in nature like Jatropha Bdngamia oil,
Rapeseed Oil, Mahua oil, Olive oil, Rice Bran dilnseed oil, Soya bean oil, Palm oil, Cotton sedd Reef
Tallow, Lard, Guang-Pi are easily available in&leping countries and are very economical compartbkedible
oils. The use of particular raw material dependsnuthe availability, price and policy. But the magbstacle for
commercialization of biodiesel is its cost approaiely 70-90% of biodiesel cost is arises from thet of feed
stocks [2]. Because most of the biodiesels werpgreal from edible oils like soybean, sunflower,aanpalm and
fish oil. Cost of edible oils is very higher thaet®leum diesel and edible oils for biodiesel pithn leads food
versus fuel issue. The above problem can be sdbyedsing cheapest, low cost non edible oils fordigeel
production. However the direct use of vegetable a# fuel can cause numerous engine problems tike foel
atomization, incomplete combustion and carbon déposon fuel injector and engine fouling. Hence Wiscosity
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of vegetable oils can be reduced by several mettwitsh include blending of oils, micro-emulsificaii, pyrolysis
and transesterification. Among this transestetificais widely used for industrial biodiesel protino. Because it
gives high yield with low temperature, pressure singirt reaction time.

Diesel boiling-range material from plant oils is édrticular interest because it has been showrgttfisantly
reduce particulate emissions relative to petroleliesel fuel. The advantages of biodiesel as dieslare liquid
nature-portability, ready availability, renewabjilihigher combustion efficiency, lower sulfur andmatic content,
higher cetane number, and higher biodegradability.

The main advantages of biodiesel given in the ditme include domestic origin, reducing the depangeon
imported petroleum, high flash point, and inherebticity in the neat form .Major disadvantagesbaddiesel are
higher viscosity, lower energy content, higher diguoint and pour point, higher nitrogen oxide (N@xjissions,
lower engine speed and power, injector coking, magiompatibility, high price, and higher engine wdodiesel
has a higher cloud point and pour point comparedadaventional diesel. Neat biodiesel and biodiddehds
increase nitrogen oxide (NOXx) emissions comparetl petroleum-based diesel fuel used in an unmatidiesel
engine. Peak torque is less for biodiesel tharofetm diesel but occurs a at lower engine speedyandrally the
torque curves are flatter. The biodiesels, on aesrdecrease power by 5% compared to that of diksated load.

Table-1 :Annual Production of Non-edible Oil Seed# India [3]

Type Production (MT) | Oil %
Neem 500 30
Karanja 200 27-39
Kusum 80 34
Pilu 50 33
Ratanjot - 30-40
Jaoba - 50
Bhikal - 37
Wild Walnut - 60-70
Undi 04 50-73
Thumba 100 21

Table — 2: Fatty acid composition of Soapnut oil [5]

Fatty Acid Structure | Amount %
Palmitic acid 16:0 4.67
Patmitoleic acid 16:1 0.37
Stearic acid 18:0 1.45
Oleic acid 18:1 52.64
Linoleic acid 18:2 4.73
Alpha or gamma- linoleic acig 18:3 1.94
Arachidic acid 20:0 7.02
Eicosenic acid 20:1 23.85
Behenic acid 22:0 1.45
Erucic acid 22:1 1.09
Lignoceric acid 24:0 0.47
Others 0.32
Total 100.00

MAJOR NON-EDIBLE TREE BORNE OILSEEDS (TBOS)

SOAPNUT (SAPINDUS MUKOROSSI)

Soapnut is a fruit of the soapnut tree generallynébin tropical and sub-tropical climate areasarious parts of the
world including Asia, America and Europe. Two maarieties (S. mukorossi and S. trifoliatus) areeljdavailable
in India, Nepal, Bangladesh, Pakistan and manyratbentries. The oil content in S. trifoliatus whids very
similar to S. mukorossi seed kernels, was on aeefsl}8% of seed weight. The oil from soapnut hasnbe
considered a nonedible oil having significant pttror biodiesel production from the material whiotherwise is
a waste material [4]. A comprehensive study onuses of various parts of the soapnut tree. Sodmamiseveral
applications from medicinal treatments to soap andactant. Soapnut fruit shells have been in saaural
laundry detergents from ancient times for washatgyits, bathing and traditional medicines. The réed external
use of saponin does not cite any toxic effectsuimdn skin and eyes .These application all maketse pericarp
shell and the seeds are usually waste. Hence sthefusoapnut seeds as a biodiesel source bechmmésdste-to-
energy” scheme. Furthermore, planting soapnut tike®@mmunity forestry and in barren lands providas for
carbon sequestration as well as feedstock for ésadiproduction [5]. The total value of exportssofpnut as
medicinal use including other four species madeoup2% of the total non timber forest products ekpo India
from Nepal. The totals of 32 non-timber forest proid are exported with a total value of 8.1 millld8 dollar for
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the year 1997/1998. Recently it was reported thatglycerol, a by-product of biodiesel productioan be used to
produce organic acids such succinic acids by hattErmentation [6Hence, the economics of biodiesel from
soapnut oil can easily be realized on communitjesas it can be integrated in the community fogegtan.

Figure 2, Soapnut fruit, seed

MAHUA (MADHUCA INDICA)

Bio diesel from mahua seed is important it is foatdindantly in tribal areas . The annual productibmahua is
nearly 181 Kt. Mahua is a nontraditional, & nonkadioil also known as Indian butter tree. Mahualsamntain 30-
40 percent fatty oil called mahua.dlahua is a medium to larger tree[7].In India thehoma plant is found in most
of the state e.g. Orissa, Chatishgada, Jharkhahdr,Bladhya Pradesh ,Tamil nadu. It can be susédbegrown
in waste land & dry land. The tree is a strongtlidamander and gets readily suppressed under shhddree has
potential of enhancing rural income. The tree migim a height of upto 20 meters and is well ad&ptevaried
weather conditions it has wide spreading branchdscacular crown which presents a visually appepBtructure.
The tree has a large spreading root system, thowgty of them are superficial. The fruit is a kirfdberry, egg
shaped. Mature seeds can be obtained during JulhytolT he mahua tree starts bearing seeds froenieyears of
planning. Commercial harvesting of seeds can be dmty from the tenth year. Seed yield ranges f28m200 kg
per tree every year, depending on its growth angldpment [8]. As a plantation tree, Mahua is apamant plant
having vital socioeconomic value. This speciestmaplanted on roadside and canal banks on comrhscaie and
in social forestry programs, particularly in trilakas. Wood can be used as timber, making pulpaper. Mahua
flowers are rich in sugar, minerals, vitamins aatticm.
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Table —3: Fatty acid composition of Mahua oil [9]

Fatty Acid Structure] Amount ¢
Palmitic acid 16:0 16.0-28.2
Stearic acid 18:0 20.0-25.1
Oleic acid 18:1 41.0-51.0
Linoleic acid 18:2 8.9-13.7
Arachidic acid 20:0 0.0-3.3

Figure 4, Mahua fruit, seed

JATROPHA (JATROPHA CURCAS)

Jatropha curcus is a drought-resistant perennialyigg well in marginal/poor soil. It produces ssedith an oil

content of around 37%. The oil can be combustetualswithout being refined. It burns with clear skaefree

flame, tested successfully as fuel for simple diesgine. The by-products are press cake a goaaghardertilizer,

oil contains also insecticide. It is found to bewjing in many parts of the country, rugged in natand can survive
with minimum inputs and easy to propagate .Medycidlis used for diseases like cancer, piles, shiédkeparalysis,
dropsy etc. Depending on soil quality and rainfell,can be extracted from the Jatropha nuts dfterto five

years. It grows on well drained soils with goodadien and is well adapted to marginal soils witkv loutrient

content. Jatropha curcas grows almost anywhere) emegravelly, sandy and saline soils. It can #ron the
poorest stony soil. The leaves shed during theewimonths form mulch around the base of the plamtwater

requirement is extremely low and it can stand Ipegiods of drought by shedding most of its leaveseduce
transpiration loss. Jatropha is also suitable few@nting soil erosion and shifting of sand durigy.[
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Table — 4: Fatty acid composition of Jatropha oil [11]

Fatty Acid Structure]  Amount 9
Palmitic acid 16:0 13.38
Patmitoleic acid 16:1 0.88
Stearic acid 18:0 5.44
Oleic acid 18:1 45.79
Linoleic acid 18:2 32.27
Lauric acid 12:0 0.31
Others 1.93
Total 100.00

Figure 6, Jatropha fruit, seed

KARANJA (PONGAMIA PINNATA)

The botanical name of Karanja seed Oil and is Poigaylabra of Leguminaceae family. Pongamia is lyide
distributed in tropical Asia and it is nonediblé @i Indian origin . It is found mainly in the Wesh Ghats in India,
northern Australia, Fiji and in some regions of teas Asia..The plant is also said to be highly tolerant tonéti
and can be grown in various soil textures viz. gtwandy and clayey. Karanja can grow in humid ad as
subtropical environments with annual rainfall rarggbetween 500 and 2500 mm. This is one of theorsafor
wide availability of this plant species. The tremais green pods which after some 10 months charméain colour.
The pods are flat to elliptic, 5-7 cm long and eamtl or 2 kidney shaped brownish red kernels. vidlel of kernels
per tree is reported between 8 and 24 kg. .Theckeare white and covered by a thin reddish skive domposition
of typical air dried kernels is: Moisture 19%, Qif.5%, and Protein 17.4%. The present productiokecdnja oil
approximately is 200 million tons per annum. Thedineeded by the tree to mature ranges from 4ywais and
depending on the size of the tree the yield of &lsrper tree is between 8 and 24 kg. The oil cardgtmacted by
various authors ranges between 30.0 to 33% [12]dilhis used by common people due to its low cost easy
availability.
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Table — 5: Fatty acid composition of Karanja oil[12]

Fatty Acid Structure] Amount ¢
Palmitic acid 16:0 3.7-7.9
Stearic acid 18:0 2.4-8.9
Oleic acid 18:1 44.5-71.3
Linoleic acid 18:2 10.8-18.3
Lignoceric acid 24:0 1.1-35

Figure 8, Karanja fruit, seed

NEEM (MELLIA AZADIRACHTA)

Neem (Mellia azadirachta) is of Meliaceae familjieTother names of neem are Margosa, Veppam, V&jimba
and Vepa (Telugu) etdt is one of the two species in the genus Azadimchand is native to India and Burma,
growing in tropical and semi tropical regions. Neisma fast growing tree and can reach upto a heighs — 20 to
35 — 40 m. It bears an ovoid fruit, 2cm by 1cm aadh seed contains one kernel. The seed kernelsh wieigh
0.2g, constitute some 50-60% of the seed weigh2&86 of the fruit. The fat content of the kernelages from 33-
45%1% The fruit yield per tree is 37-55 kg.. Neem oil daused as Soaps, medicinal and insecticide . Nédm
usually opaque and bitter but it has recently l&®wn that it can be processed into non bittdslediil with 50%
oleic acid and 15% linoleum acid. The bitter cafteraextraction of oil has no value for animal feedthough it has
been reported that after solvent extraction wittohbl and hexane a meal suitable for animals islymred. Neem
seeds are usually crushed prior to extraction angh Whole dried fruits may be directly passeéxpellers. Good
quality kernels (50% oil) yield 40% oil in ghanls. expellers whole dried fruits, depulped seeds lerdels, yield
4-6%, 12-16% and 30-40% oil respectively (Bringhhe cakes, which contain 7-12% oil are sold forvent
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extraction. Major fatty acid composition of oil arBalmitic acid 19.4%,Stearic acid 21.2%,0Oleic acid
42.1%,Linoleic acid 14.9%,Arachidic acid 1.4%[13]

Neem oil is unusual in containing non-lipid asstesaoften loosely termed as "bitters" and organilptsir
compounds that impart a pungent, disagreeable odour

Table — 6: Fatty acid composition of Neem oil [14

Fatty Acid Structure | Amount %
Palmitic acid 16:0 17.8
Stearic acid 18:0 14.4
Oleic acid 18:1 51.3
Linoleic acid 18:2 14.7
Arachidic acid 20:0 1.6
Myristic acid 14:.0 0.03

Figure 10, Neem fruit, seed

OIL PROCESSING TECHNOLOGY OF OIL SEEDS

Oil extraction and Purification of Oil
Oil extraction methods are being developed baseftonentation hydrolysis. In this process, celllsvaf the oil

plant seeds are destroyed followed by the releégbeooil present within the cells. This new methuat only
produces higher quality of oil and cake but alsquiees much less energy and results in lower lewdls
environmental pollution. The efficiency so far dhtad is 86% and more research is needed to dewaslaifective
enzyme system. The extracted oil can be purifie@é&gimentation prosesss. This is the easiest wggttolear oll,
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but it takes about a week until the sediment isiced to 20 - 25 % of the raw oil volume. The pudfion process
can be accelerated tremendously by boiling thevibil about 20 % of water[15]

Detoxification of seed cake

After extraction of oil from seed the detoxificatiof the seed cake is necessary so that the skedcan be used as
cattle feed. The type of toxic component presenttie seedcake varies from seed to seed. From 3$evera
investigations it is found that de-acidificationdahleaching could reduce the content of toxic pbbesters to
55%.Efficiency of the treatment also depends ugentype of toxic component present in the seedeakkthe
effective detoxification techniques[16]

BIODIESEL PROCESSING

The alternative diesel fuels must be technicalld anvironmentally acceptable, and economically cetitipe.
From the viewpoint of these requirements, trighides (vegetable oils/animal fats) and their denrxet may be
considered as viable alternatives for diesel flibs.problems with substituting triglycerides foeskl fuels are
mostly associated with their high viscosities, lolatilities and polyunsaturated character. Thébfmnms have been
mitigated by developing vegetable oil derivativeattapproximate the properties and performancenaaice them
compatible with the hydrocarbon-based diesel ftietsugh:

(i) pyrolysis;

(i) microemulsification;

(i) dilution;

(iv) and transesterification.

PYROLYSIS

Pyrolysis refers to a chemical change caused bgpipéication of thermal energy in the absence obanitrogen.

The liquid fractions of the thermally decomposedetable oil are likely to approach diesel fuelse Tyrolyzate

had lower viscosity, flash point, and pour poirdritdiesel fuel and equivalent calorific values. Théane number
of the pyrolyzate was lower. The pyrolysed vegetabils contain acceptable amounts of sulphur, watet

sediment and give acceptable copper corrosion sddueunacceptable ash, carbon residue and powt: poi

MICRO-EMULSIFICATION

The formation of microemulsions (co-solvency) iseoof the potential solutions for solving the problef
vegetable oil viscosity. Micro-emulsions are defiras transparent, thermodynamically stable colla@sgpersions.
The droplet diameters in micro-emulsions range i@ to 1000 A. A micro-emulsion can be made ofetable
oils with an ester and dispersant (co-solventhfaregetable oils, an alcohol and a surfactantandtane improver,
with or without diesel fuels. Water (from aqueotisa@ol) may also be present in order to use loweofpethanol,
thus increasing water tolerance of the micro-eroaki17].

DILUTION

Dilution of vegetable oils can be accomplished wgitith materials as diesel fuels, solvent or ethar vegetable
oil is diluted with petroleum diesel to run the amg Caterpillar Brazil, in 1980, used pre-combustchamber
engines with the mixture of 10% vegetable oil tointan total power without any alteration or adjusnt to the
engine. At that point it was not practical to sitbhgt 100% vegetable oil for diesel fuel, but andeof 20%
vegetable oil and 80% diesel fuel was successtrmesshort-term experiments used up to a 50/50[1&fio

TRANSESTERIFICATION

Transesterification also called alcoholysis, is theplacement of alcohol from an ester by anotheot®l in a
process similar to hydrolysis. This process hasmbsilely used to reduce the viscosity of triglydes. The
transesterification reaction is represented bygtreeral equation

RCOOR’ + R” RCOOR” + R'OH

If methanol is used in the above reaction, it rened methanolysis. The reaction of triglyceridehwitethanol is
represented by the general equation:
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(H,0-COR (g R.C(io(‘H3 THEOH

("H-OCORI £ > RC00CH, t THOH
+

CH 08" RIC00CH, (H0H

Trighveride~—~~ Methanal Fatty acd medhylester Glyceral

Triglycerides are readily trans-esterified in theegence of alkaline catalyst at atmospheric pressumd at a
temperature of approximately 60 to 70°C with anemscof methanol. The mixture at the end of readSailowed

to settle. The lower glycerol layer is drawn off ilehthe upper methyl ester layer is washed to reamentrained
glycerol and is then processed further. The exossthanol is recovered by distillation and sent treetifying

column for purification and recycled.

The transesterification works well when the staytinl is of high quality. However, quite often loyuality oils are
used as raw materials for bio-diesel preparatiorcases where the free fatty acid content of thésabove 1%,
difficulties arise due to the formation of soap @fhipromote emulsification during the water washstege and at
an FFA content above 2% the process becomes unklefka].

EFFECT OF DIFFERENT PARAMETERS ON PRODUCTION OF BIO DIESEL
Process Variables
The most important variables that influence thedesterification reaction are as follow:

REACTION TEMPERATURE

The rate of reaction is strongly influenced by thaction temperature. However, given enough tilne,réaction
will proceed to near completion even at room terapge. Generally, the reaction is conducted closthe boiling
point of alcohol at atmospheric pressure. Thesd midction conditions require the removal of fratyfacids from
the oil by refining or pre-esterification. Furthiecrease in temperature is reported to have a ivegeffect on the
conversion. The rate of reaction is strongly infloed by the reaction temperature. Further increasemperature
is reported to have a negative effect on the caiwer Literature Studies have indicated that gigapugh time,
transesterification can proceed satisfactorily mb@nt temperatures in the case of the alkalinalysit It was
observed that bio-diesel recovery was affectednt low temperatures but conversion was almostfeotzfd >

RATIO OF ALCOHOL TO OIL

Another important variable affecting the yield ater is the molar ratio of alcohol to oil. The staometry of the
transesterification reaction requires 3mol of atlgher mole of triglyceride to yield 3mol of fatgsters and 1 mol
of glycerol. To shift the transesterification raantto the right, it is necessary to use eitheargd excess of alcohol
or to remove one of the products from the reaatiixture. When 100% excess alcohol is used, thetian rate is
at its highest. Higher molar ratio of alcohol tbioterferes in the separation of glycerol. It vedsserved that lower
molar ratios required more reaction time. With igholar ratios, conversion increased but recodenreased due
to poor separation of glycerol. It was found thatimum molar ratios depend upon type & quality if2d].

CATALYST TYPE AND CONCENTRATION

Alkali metal alkoxides are the most effective tresterification catalyst compared to the acidic lgata Sodium
alkoxides are among the most efficient catalyseduer this purpose. Transmethylations occurs apprately
4000 times faster in the presence of an alkalinalyst than those catalyzed by the same amountidicacatalyst.
Partly for this reason and partly because alkatiaglysts are less corrosive to industrial equigntean acidic
catalysts, most commercial transesterification @educted with alkaline catalysts. Further, inceeas catalyst
concentration does not increase the conversionitaamdtls to extra costs because it is necessargnbove it from
the reaction medium at the end. Further, increaseafalyst concentration does not increase thearsion and it
adds to extra costs because it is necessary toveeihdrom the reaction medium at the end. It wasesved in
literature studies higher amounts of NaOH cataleste required for higher FFA oil[22].

PURITY OF REACTANTS

Impurities present in the oil also affect convenslevels. Under the same conditions, 67 to 84% ersion into
esters using crude oils can be obtained, compaitbd to 97% when using refined oils. The fredyfaicids in the
original oils interfere with the catalyst, underndd@ions of high temperature and pressure this Iprolbcan be
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overcome. It was observed that crude oils were Igggaod compared to refined oils for productionbid-diesel.
However, the oils should be properly filtered. Qulality is very important in this regard [12].

MIXING INTENSITY

The mixing is most significant during the slow radgion of the transesterification reaction. As $iggle phase is
established, mixing becomes insignificant. The usi@deding of the mixing effects on the kinetics tbie
transesterification process is a valuable toohi frocess scale-up and design. It was observiggriature studies
that after adding alcohol & catalyst to the oil,18-minutes stirring helps in higher rate of conigrsand
recovery[12].

EFFECT OF ALCOHOL TYPE

Methanol gave the best biodiesel yield, followedlwanol and least was with ethanol. There are nmaagons
behind it. Firstly, Methanol is simpler in terms afemical structure, thus the transesterificatieaction is more
likely to occur. Butanol and ethanol are more carph terms of chemical structures; therefore in@re difficult

for transesterification to occur. Secondly, theebaatalyzed formation of ethyl ester is difficutingpared to the
formation of methyl esters. In the case of methgsis] formation of emulsions quickly and easilydks down to
form a lower glycerol rich layer and upper methgtes rich layer. In ethanolysis, these emulsioesraore stable
and severely complicate the separation and putiificaf esters.[23]

EFFECT OF REACTION TIME

The conversion of oil to biodiesel approaches taildium conversions with increased reaction timd$e
maximum ester conversion is obtained at 2 hourti@atme. Similar reaction time has been repoiteMadhuca
Indica and Karanja oil have reported that the tieacis very slow during the first minute due toxing and
dispersion of methanol into catalyst. From 1 to i, nthe reaction proceeded very fast. The prodoctb beef
tallow methyl esters reached the maximum valudatial5 min[24]

EFFECT OF MOISTURE AND WATER CONTENT ON THE YIELD O F BIODIESEL

Water could pose a greater negative effect thasepie of free fatty acids and hence the feedstoaild be free
from water. Even a small amount of water (0.1%)the transesterification reaction would decrease ebter

conversion from vegetable oil The yield of the &l&gter decreases due to presence of water andafAey cause
soap formation, consume catalyst and reduce tleetaféness of catalyst. Moisture content from tegetable oil is
removed by heating in oven for 1 h at 383 K. Me&keal. too reported a precautionary step to prewsisture

absorbance and maintenance of catalytic activitypbgparing the fresh solution of potassium hydrexahd

methanol. It is found that even a small amount afewin the feedstock or from esterification reattproducing

water from FFA might cause reduction in conversibriatty acid methyl ester and formation of soagtéad. .At

the same time the presence of water had a posffeet in the yield of methyl esters when methaabloom

temperature was substituted by supercritical methatowever, no explanation for this has been mtedi. The

presence of water had negligible effect on the eosion while using lipase as a catalyst [3].

EFFECT OF FREE FATTY ACIDS

Free fatty acids (FFAs) content after acid estatfon should be minimal or otherwise less tBé&h FFAs. These
FFAs react with the alkaline catalyst to producapsoinstead of esters. Thereaissignificant drop in the ester
conversion when the free fatty acids are beyondZ5jo

EFFECT OF STIRRING

Stirring can play an important role in the yieldlbdiesel production. Transesterification reactieas carried out
with 180, 360 and 600 revolutions per minute (r@myl reported incomplete reaction with 180 rpm. Viedd of

methyl ester was same with 360 and 600 rpm. Modstiafing too plays a vital role in the transedteation

reaction. The yield of biodiesel increased from 8&789.5% when magnetic stirrer (1000 rpm) wasaegd with
mechanical stirrer (1100 rpm). A plausible explaraimay be a thorough mixing of the reactants byhmaical

stirrer [26].

EFFECT OF SPECIFIC GRAVITY

Lower value of the specific gravity of the finalggiuct is an indication of completion of reactiordaemoval of
heavy glycerine. The influence of molar ratio, temgiure and catalyst quantity on the specific gyaof the

biodiesel was studied by Miao and Wu. The spegfavity of the product decreased sharply up tod teaction

time using 30:1 molar ratio and up to 4 h of reattime using 45:1 and 56:1 molar ratio after whiclas almost
constant. The best process combination reduced th@oduct specific  gravity from
0.912 to 0.864 with 100% catalyst,56:1 molar rati®03 K in 4 h of reaction time[27]
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By analyzing these variables we can get maximwgtdyaf biodiesel from non -edible oils.

HANDLING & STORAGE OF BIO-DIESEL

As a general rule blends of bio-diesel and petrolaliesel should be treated like petroleum dies@-diesel
vegetable methyl esters contain no volatile orgaeimpounds that can give rise to poisonous or nsxfomes
There is no aromatic hydrocarbon (benzene, tolueriene) or chlorinated hydrocarbons. There iseaullor sulfur
to react and release any harmful or corrosive gatasever, in case of bio-diesel blends significumes released
by benzene and other aromatics present in the diasel fuel can continue. On eye contact bio-diesay cause
eye irritation. Safety glasses or face shields khba used to avoid mist or splash on face and. dyies fighting
measures to be followed as per its fire hazardsiflaation. Hot fuel may cause burn. Bio-diesel dddbe handled
with gloves as it may cause soft skin. Mild iriiéet on skin can occur.

For long term Storage stability of Bio-diesel adrials adequate data are not available. Based @rierpe so far
it is recommended that bio-diesel can be storewprhaximum period of 6 months. Some anti-oxidaldiitaves are
also used for longer periods of storage. Similadyiods are applicable for storage of bio-diesel @&s blends in
vehicle fuel tank. Due to being a mild solvent, -diesel has a tendency to dissolve the sedimentaily
encountered in old tanks used for diesel fuel sause filter blockage, injector failures in addititnclogging of
fuel lines. Brass, copper, zinc etc oxidizes diesel bio-diesel fuels and create sediments. THeafue fitting will
start changing color as the sediments are formwtage tank made of aluminum, steel etc shouldsed.u

STABILITY OF BIO DIESEL
Bio-diesel ages more quickly than fossil diesel flige to the chemical structure of fatty acid esmmesent in bio-
diesel. There are three types of stability critenibich need to be studied:

(a) Oxidation stability (b) Thermal Stability anc) Storage Stability

Poor oxidation and thermal stability can cause faekening, formation of gum and sediments and alag affect
engine oil due to dilution. Current knowledge adiadbase is still inadequate. It is desirable toyoaut tests on bio-
diesel from different feedstocks available and gateedata in relation to fuel composition. Verylditdata is
available on the long-term storage stability of-tiesel.

BIODEGRADABILITY OF BIODIESEL

Biodiesel is highly biodegradable in freshwatemesdl as soil environments. 90-98% of biodiesel inaralized in
21-28 days under aerobic as well as anaerobic womsli[28].Biodiesel has been reported to removiegvthe
amount of crude oil from sand as conventional dh@eleaners [29]. Biodiesel increases the biodegpbility of
crude oil by means of co metabolism. More than $&¥gradation of pure biodiesel after 28 days inganson to
50% and 56% by diesel fuel and gasoline respegtividso, the time taken to reach 50% biodegradatemuced
from 28 to 22 days in 5% biodiesel mixture and fr@Bi1to 16 days in case of 20% biodiesel mixtureoaim
temperature. The biodegradability of the mixturesweported to increase with addition of biodieseld is depicts
the biodegradability of fossil diesel under differeonditions [30].

CONCLUSION

With the increase in global human population, marel may be needed to produce food for human copsom
(indirectly via animal feed). The problem alreadysés in Asia. Vegetable oil prices are relativaigh there. The
same trend will eventually happen in the rest ef world. This is the potential challenge to biodlesrom this
point of view, biodiesel can be used most effetyies a supplement to other energy forms, not@énaary source.
Biodiesel is particularly useful in mining and meisituations where lower pollution levels are imtaot. Biodiesel
also can lower US dependence on imported petrolzasad fuel.

The high consumption of diesel fuels and limitedrses of the others are reasons for an enormoaisrrigrice of

petroleum fuels.The Vegetable oils hold specialnpse in this regard since they can be produced fptants

grown in waste lands like Jatropha, Mahua, Neenes&hare clean burning, renewable, non-toxic, bikdle

and environmentally friendly transportation fudiattcan be used in neat form or in blends withgbettm derived
diesel in diesel engines. The production of biceliém edible oil is currently much more expensitian diesel
fuels due to relatively high cost of edible oil.€Fh is a need to explore non-edible oils as altendeed stock for
the production of biodiesel from non-edible oilkeliKaranja, Neem, Jatropha, Mahua, Soapnut etqgta big

climatic diversity, there are numerous oil bearsegd plants/trees available. Extraction of thdroih these plants
and its conversion to bio-diesel involves energystonption at various stages starting from the ptéort to the end
use in the compression ignition engine.
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World annual petroleum consumption and vegetablepodduction is about 4.018 and 0.107 billion tons,
respectively. A large variety of plants that proelumn-edible oils can be considered for biodiesatipction. Non-
edible oils are easily available in many partshaf world and are very cheap compared to edible Bile cost of
biodiesel and demand of vegetable oils can be extlbg non-edible oils instead of vegetable oiledBsel can be
derived from non-edible vegetable oil and has gooigntial as an alternative diesel fuel. Non-edidémt oils have
been found to be promising crude oils for the potidin of biodiesel. Non-edible oils are very img@ot for
developing and petroleum-poor countries.

Acknowledgements

The authors would like to thank the Vice Chancedlod Dean academics, ITM University, Gwalior amdnks are
also due to Principal, management and staff of Bepmt of Chemical Engineering, ITM University ftueir
support during this work.

REFERENCES

[1] A. Demirbas J.Energy Sources, Part B, 2009 4, 310- 314.

[2] Meda Chandra Sekharl ;Venkata Ramesh Mamili&k Wijayakumar Reddy; Dr.G.Lakshmi Narayana
Rao;International Journal of Engineering Science and Technology, 201Q 2(8), 3936-3941.

[3] Saroj K. Padhi ; R. K. Singld, Chem. Pharm. Res. , 2011, 3(2), 39-49.

[4] Ucciani, E.; Mallet, J.F; Zahra, J.B.,Fat Science Technology,1994 96(2), 69 — 71.

[5] Chhetri, A.B.; Pokharel, Y.R.; Mann, H and IslaM.R., Int. Journal of Material and Products Technology,
2007.

[6] Song, H.; Lee, S.YJ.Enzyme and Microbial Technology, 2006 39, 352-361.

[7] Ram BVB; Ramanathan V ; Phuan S; Vedaramamblan chemical Engg. Journal. 2004 14(2) ,12-15.
[8] Azam, M. M.; Watris, A.; Nahar, N.MJ. Biomass and Bioenergy, 2005 29, 293-302.

[9] Altin R, Cetinkaya S; Yucesu HS; Energy Convers Manage 2001, £, 529-38.

[10] Adebowale, K.O.; Adedire, C.QAfrican Journal of Biotechnology, 2006 5 (10), 901-906.

[11]Gubitz, G.M.; Mittelbach, M.; Trabi, MJ. Bioresource Technology, 1999 67,73-82.

[12] Hitesh J. Yadav; Pravin P. Rathod ; Sorathiyaind S.; International Journal of Advanced Engineering
Research and Studies, 2012 1(3) ,42-46.

[13] H. Muthu; V. SathyaSelvabala; T. K. Va-rathagh D. Kirupha Selvaraj ;J. Nandagopal ; S. Sulanaian,
Brazlian Journal of Chemical Engineering, 2010, 27(04), 601 - 60.

[14] K.V.Radha;G.Manikandad.Bioenergy Technology , 8, 2011.

[15] Janulis, P. , Renewable energy, 2004,29, 861 — 871.

[16] Haas, W.; Mittelbach, MJ. Industrial crops and products, 2000, 12 (2), 111- 118.

[17] Ma F; Hanna MA,J. Bioresource Technology, 199970, 1-15.

[18] S.P. Singh ; Dipti SinghJ, Renewable and Sustainable Energy Reviews, 201Q 14, 200-216.

[19] Atul Dhar ; Roblet Kevin; Avinash Kumar Agarial.Fuel Processing Technology, 2012 97, 118-129.
[20] Freedman B; Pryde EH; Mounts Tl;Am Oil Chem Soc,1984 61, 1638-1643.

[21]Litty Korial; T. ThangarajJournal of Ecobiotechnology , 201Q 2(5), 42-46.

[22]Y.C.Sharma; B. Singtl.Elsevier, 2008

[23] M. Canakci; J. Van Gerped, American Society of Agricultural Engineers, 2001, 44(6), 1429-1436.
[24] P. Nakpong ; S. Wootthikanokkhan, Jourofabustainable Energy & Environment, 201Q 1, 105-109,
[25]Naik M; Meher LC; Naik SN; Das LM]. Biomass Bioenergy , 2007.

[26] Meher LC; Dharmagadda VSS, Naik SNBioresource Technology, 2006,97,1392-7.

[27] Miao X, Wu Q.,J.Bioresource Technology, 2006 97, 841—6.

[28] Pereira G; Mudge SMChemosphere, 2004,54(3) , 297-304.

[29] Pasqualino JC; Montane D; Salvadb Biomass Bioenergy 2006,30, 874-9.

[30] Mukherji S; Jagadevan S; Mohopatra G; Vijay A Bioresource Technology , 2004,95(3) ,281—6.

[31] Mohn WW; Radziminski CZ; Fortin MC; Reimer K, Applied Microbiology Biotechnology , 2001, 57,
242-17.

4230



