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INTRODUCTION


When we look this world of billions of population, we think the strange way of their existence. Their food, clothing, habitation and transportation cause unending worries to the leaders of the world. Green revolution has produced enormous food, still quite a good number of developing countries and even a substantial portion even from so called developed countries are in hunger. Same condition prevails for clothing and habitation. Fossil fuel which is the main source for transportation is at the brink of exhaust. For transportation, other alternatives are tried but those are just like drops in the ocean. The whole world is looking forward for alternative fuel such as bio fuel, bio diesel which are made from grain, vegetable oil or biomass to prevent environmental degradation, a replenishable fuel source, user friendly to give cleaner air to the people. Golbal production of bio diesel is moving up from 2 millition liters in 2003 to about 5 million this year and reaching an estimated 24 billion liters by 2020. India consumes 9 million tones of petrol and 42 million tones of diesel, crude import bill in the region of Rs.110,000 crores.

ABOUT BIO DIESEL

Bio diesel is a fatty acid of ethyl of methyl ester made from virgin or used vegetable oil either edible or non edible oil and animal fat. Because in India, edible oil is in shortage, it has to import edible oil from other countries, it is preferable to produce bio diesel from  non edible oils. The non edible oils can be obtained from plants such as Jatropha curcal (Ratan jyoti), Pongamina pinnata (Karanj), Calophyllum inophyllum        ( Nagchampa), Hevcca brasilienbisis  (Rubber) , Neem, Mahua, etc, Bio disel contains no petroleum, but it can be blended at any level with petroleum disel to create bio diesel blend or can be in its pure form.

JATROPHA CURCAS


Jatropha curcas has been identified for India as the most suitable tree born oil seed for production of bio diesel, in view of non edible oil available from it and its presence throughout  the country. The capacity of Jatropha curcas to rehabilitate degraded lands by improving the land’s water retention capacity renders it suitable for upgradation of land resources. The products that can be derived from Jatropha carcass fruits taking 1000 ha per year are as follows:

i)
1500-1700 t/a of  oil for use of  fuel or as edible oil.

ii)
Compost from the fruit pulp for fertilization.

iii) 
Heat for drying of  seeds from the combustion of seed  shel ( 1800 t / a).

iv)
1600 t / a of  animal feed concentrate from the meal  left over from processing of the seed with a protein of 56% - 58% after detoxification of the press cake.

v)
144 t / a of glycerol which is useful for the pharmaceutical and cosmetic and raw material for insecticide industry.


Jatropha plantation of waste land can rebuild our afforestation program. One plant of Jatropha can off set 0.15  tonne of carbon dioxide per year. Assuming the presence of 200 plants in a hectare, a lakh hectare of waste land planted with Jatropha  can fetch 27 million carbon credit point for the country. Actually at a spacing of 2m and distance between two rows of 2m, 2500 plants / hectare under irrigated or partially irrigated condition. On rain fed  waste land, high density plantations of 2m x 1m or 1.5m x 1.5m and accommodate 5000 or 4444 plants per hectare respectively. Jatropha can ensure a 

Table-1

Non- edible oil seed and bio residue

	Species 
	Oil fraction %
	Current estimated / million tones per year
	Oil to hectare in tones

	Castor
	45-50
	0.5
	0.5-1.0

	Jatropha
	50-60
	0.2
	2.0-3.0

	Mahua
	35-40
	0.2
	1.0-4.0

	Sal
	10-12
	0.2
	1.0-2.0

	Leenseed
	35-45
	0.15
	0.5-1.0

	Pongomia
	30-40
	0.06
	0.5-1.0

	Neem
	20-30
	0.1
	2.0-3.0


Reasonable production of seed with very little inputs. It is not grazed by animals and  highly pest and disease resistant. Time taken for nut yield is between 2 to 5  years based on soil and rainfall condition.  Yield vary form 0.5 to 12 t/year. An average seed of 0.75 to 2 tonnes of bio diesel could be expected per hectare per year from 5th year onward.  Jatropha plantation yield over long period of time. India has 1.33 million hectare of waste land of which 33 million hectares can be reclaimed for Jatropha plantation in addition to arable land that is being used for plantations.

BIODISEL PEODUCTION


Bio diesel is generally known as Methy1 Esters whose formula is C14-C24. Its boiling point is  >40010oF and vapour pressure is <5 mm Hg  @ 72o F. The production of Methy1Ester can be done with base catalyst transesterification of oil with methanol at low temperature of 150o F and  pressure 20 psi (1.37kg(f) / cm2 ) and it yields conversion of 98% with minimal side reactions and reaction time. The first thing is to prepare the Methoxide.Methxide is mixing NaOH / KOH  with methanol which acts as catalyst. The transesterification can be done as per Figure-1.


The tramsesterofocatopm reaction is usually conducted with a molar ratio methanol / vegetable oil of 6:1 based on  kinetic mechanistic studies. Modification in kinetics of the reaction would not have any major influence on reaction monitoring. It is said  that presence of  “insert co solvent” such as
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Tetrahydrofuran and methy1 tert-buty1 ether and inceasing the methanol/ vegetable ratio considerably accelerates the transesterification reaction, leading to cost and efficiency improvements. The analysis of bio diesel for various contaminants is usually conducted by gas chromatography of near-infrared spectrography.


The methanol and catalyst mix is then charged to a reactor either continuously or in batch and oil is added. The reaction mix is kept at approximately  150oCBetween 1 to 8 hours under vigorously. Excess methanol is normally utilized to ensure total conversion of oil to esters. The  catalyst will first react with any free fatty acids in the oil to from soap. These must be additional catalyze the reaction, as well as to react with the free fatty acids. Once the reaction is completed, two major products exist, glycerin and methy1esters.  Glycerin has more density than methy1 esters, two are allowed to gravity separate and glycerin is simply drawn off the bottom. In some cases, a centrifuge is used to separate. The glycerin contains unused catalyst  and soaps which are neutralized with an acid either hydrochloric or phosphoric acid to form salt and sent to storage as crude glycerin which is sold later on.

USES OF BIO DIESEL


Bio diesel contains no petroleum, but it can be blended at any level with petroleum diesel to create a bio diesel blend or it can be used in its pure form. Bio diesel can be used as fuel for diesel engine either as B5 – a blend of 5% Bio diesel in petro-diesel fuel or B20  -  a  blend of 20% by volume bio diesel with 80% by  petroleum diesel or B100% bio diesel.


Bio diesel operates in compression engine which essentially require very little modification or no modification because bio diesel has properties similar to petroleum diesel. In little modification, the injection timing is to be retarded by 2-3 degree to overcome the effect of higher cetane number of  bio  diesel. The engine loses a little emission extra power due to bio diesel, but  it runs quieter and the fuel  burns cooler reducing NOx emission.


Bio diesel is not only clean, but  it is cleaner, it does a great job of  cleaning gung fossil diesel leaves in the tank and fuel system. The new filter should be changed whenever needed. Bio diesel will be up the rust and it could clog the particles filter inside the tank.

Table – 2

Some important parameters of raw and transesterified Jatropha oil

	Parameter
	Jatropha oil raw
	Jotropha oil transesterified
	E  DIN  51606   Standard

	Density (g / cm3 at 20oC)
	0.920
	0.879
	0.0875-0.890

	Flash point in oC
	236
	191
	>110

	Cetane no. (ISO 5165)
	23-41
	51
	>49

	Sulphated ash (%)
	-
	0.014
	<0.03

	Methanol
	-
	0.06
	<0.3

	Viscosity (mm2 /s at 30oC)
	52
	4.84
	3.4-5 at 40oC

	Neutralization number KOH/g
	0.92
	0.24
	<0.50

	Total glycerin (%)
	-
	0.088
	<0.250

	Free glycerin(%)
	-
	0.015
	<0.02

	Phosphorus (PPM)
	290 (17 in de gummed oil)
	17.5 (negligible when de gummed oil used)
	<10



Rubber parts in the fuel system corrode in time with bio diesel, especially 100% bio diesel (B100). Newer cars after 1999 are using  resistant rubber parts. Viton parts are best.

VEHICLE POPULATION IN INDIA


Combustion of petroleum fuels in IC engines is considered to be dominant anthropogenic sources of the polluting gases. Emissions from these vehicles accounts roughly half of Nox, Co, HC pollutants in air . Disesel engines also emit irritating and malodorous fumes and smokes. Two and four wheelers have a rapid growth since 1990.


The new vehicles except 2 & 3 wheelers are manufactured according to the compliance of Bharat Stage II emission norms has been enforced for the entire country from 1.4.2005 and Euro II equivalent  norms by 1.4.2010. In addition to 4 metros where Bharat Stage II norms are already in force, Bangalore, Hyderabad, Ahmedabad, Pune, Surat, Kanpure and Agra are enforcing this norms from 1.4.2003. The 4 metros and other seven cities should comply with Euro III and Euro IV equivalent norms from 1.4.2005 and  1.4.2010 respectively the 2 & 3 wheelers should conform to Bharat Stage II  norms from 1.4.2005 all over the country and Bharat Stage III preferably from 1.4.008.

Table – 3

Vehicle Population (X 1000) in India 1991-1998

	Year
	All vehicles
	2 wheelers
	Light vehicles
	Buses
	Goods vehicles
	Others

	1991
	21374
	14200
	2954
	331
	1356
	2533

	1992
	23507
	15661
	3205
	358
	1514
	2769

	1993
	25507
	17183
	3361
	364
	1603
	2994

	1994
	25507
	18899
	3569
	392
	1691
	3109

	1995
	27600
	20831
	3841
	423
	1794
	3406

	1996
	33783
	23252
	4204
	449
	2031
	3847

	1997
	37231
	25693
	4662
	488
	2260
	4128

	1998
	40939
	28342
	5056
	535
	2529
	4477
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The recommendation based on Mashelkar Committee report, the auto fuel policy is launched in the country for the improvement of air quality. In 2010, Bharat stage-IV equivalent to Euro-IV is envisaged. These are introduced such that the change over is gradual and smooth – first in the metros and after a gap of specified time, extended to vehicles playing all over India. Necessary  components are upgraded to accommodate the emission norms. They are three way catalytic converter to reduce HC, CO, NOx in a single step, and electronic fuel injection (EFI) system through an oxygen sensor in exhaust uith a feedback to correct the air-fuel ratio.


For new vehicles a drastic reduction in sulphur contents should be less than 250 ppm and higher cetane number more than 51 will be required in the petroleum diesel produced by Indian Refineries. Bio diesel meets these two specification and would help in improving the lubricity of low sulphur diesel. The flash point at present is 35oC which is lower than all countries in the world which is greater than 53oC. Bio diesel will help in raising the flash point, a requirement of safety. 


Indian Government has decided to implement from 1.4.2000 to implement emission standard for diesel vehicles. Norms are given in Table-5


The industry has acquired, developed and adopted new technology and reengineered itself to produce increasingtly cleaner vehicles – Emission Control Vehicles (ECV), Low Emission Vehicles (LEV), and Ultra Low Emission Vehicles (ULEV) onward from 2000. The total emission has come down severely.


The emissions are increasing day by day as populations of vehicles are increasing in India which is given in Table-6.


To decrease to emissions bio diesel  is the only solution that be adhered to.


Bio diesel is a clean and green fuel for diesel is the only solution that be adhered to. 

Bio diesel is a clean and green fuel for diesel engines. As discussed earlier, pure B100 bio diesel may reduce a smaller amount of fuel economy, but  the emission will be reduced to a great extent, For a B100 and B20 bio diesel, the  emissions are given in Table-7.

Table - 4

Prescribed emission limits

	
	CO (G/ km)
	(HC+NOx)g / k

	BS I
	2.72/3.16*
	0.97 / 1.30*

	BS II
	2.20
	0.50

	
	
	HC                            NOx

	BS III
	2.30
	0.20                           0.15

	BS IV
	1.0
	0.10                           0.08


*Lowest values are for type approval and the higher for conformity of production.

Table – 5

	Polutants
	Limit for type approval
	Conformity of production

	CO (g/kwh)
	4.5
	4.9

	HC (g/kwh)
	1.1
	1.23

	NOx (g/kwh)
	8.0
	9.0

	PM (g / kwn) for engines with power exceeding 85KW
	0.36
	0.4

	PM (g / kwh) for engines with power not exceeding 85 KW
	0.36
	0.4

	Pm-Particulates matters


Table-  6

Tonner of Emissions per day (CO+ HC+NOx+PM)

	Year
	2 wheelers
	3 wheelers
	   cars
	MUVs
	CVs
	Total

	1986
	1134
	912
	1112
	1059
	5775
	9992

	1991
	2598
	1787
	1985
	2004
	9528
	17901

	1998
	4486
	2923
	2377
	2099
	11943
	23828

	2000
	5775
	4910
	2562
	2282
	12272
	27800


Table-7

Emission of Bio Diesel

	Emission
	B100
	B20

	Carbon Monoxide
	-43.2%
	-12.6%

	Hydro Carbon
	-56.3%
	-11.0%

	Particulates
	-56.4%
	-18.0%

	Nitrous Oxide
	+5.8%
	+1.2%

(can be reduced by catalyst converter)

	Air toxic
	-80%-90%
	-12%-20%

	Mutagen city
	-80% - 90%
	-20%


Of CO2  in atmosphere 


Bio diesel produces 78% less CO2 than petroleum diesel. Bio diesel 2661 gram of CO2 per gallon,  where as petroleum diesel produces 12360 grams per gallon. Most important, bio diesel are non-toxic, buit can reduce risk of cancer. Pure bio diesel can reduce the cancer risk by 93.6%, B20 will reduce that risk by 27%. There is no sulphur in bio diesel, so bio diesel does not contribute for sulphur diocide emission or poisonous exhause catalyst. B20 has 20% of benefit of pure bio diesel. B20 can reduce the soot and smell of diesel exhaust catalyst. B20 has 20% of benefit of pure bio diesel. B20 canreduce the soot and smell of diesel exhaust. A Dodge truck ¾ ton pick up truck with a 5.9 liter Cummins B trubo diesel was tested with 100 ethyl ester of rapeseed oil (REE) and 100% petroleum low sulphur diesel fuel and blends 20% REE  and 50%  REE with  petroleum diesel fuel. An EPA test cycle was followed throughout. In test after test, the study found the highest risk came from 100% diesel fuel, followed by 20% REE blend, the 50% REE blend and lowest risk is the pure bio diesel. The use of 100% REE fuel produced the lowest genotoxic (DNA-damaging) activity in the test. Blended fuels in the non-catalyst equipped enging produced less emissions than 100 % diesel fuel. The use of 100% REE fuel resulted in the lowest emission compared to the REE  blends and 100% diesel fuel.


Ultra low sulphur diesel fuel (USLD) is a fossil fuel having low percentage of sulphur. It gives low emission,  but it suffers two things – lack of the lubricity of sulphur and also its ability to vulcanize any rubber component. It is very harsh to injectors and cause many problems. Most companies added lubricity additives to compensate. In a trial in French, 3 companies added 5% bio diesel in USLD and one company added 2% bio diesel and found  that even this small of bio diesel is able to compensate for the removal. Bio diesel also oxygenates the fuel and bring the emission marginally. Thereafter all Euto vehicles are compatible with bio diesel and all manufacturers acknowledge the importance of bio diesel.


The ozone forming potential of biodiesel emissions is nearly 50% less than conventional diesel fuel.


Biodiesel is much better lubricant than the conventional diesel fuel and extends engine life. Nitrous Oxides (NOx) emissions may increase or decrease as discussed above, but can be reduced to well below conventional diesel fuel levels by adjusting engine timing and inclusion of catalytic converter.

REDUCES GREEN HOUSE GASES

Each year Soya beans and other plants that produce oil used for cooking or making bio diesel draw CO2 from the atmosphere to build stems, leaves, seeds and roots. At the end of the year, the oil used for biodiesel is burned and the left over plant material decomposes, returning the carbon from the fuel and plant matter to the atmosphere as CO2. This recycling of carbon from the atmosphere to carbon in plant material and to the atmosphere results in accumulation.

APPLICATION OF BIO DESEL IN INDIA & INDIAN STATES.

The UK based D1 oils would commission its refinery for producing bio diesel in Chennai early next year. D1 Oil wiwth the joint venture with Mohan Breweries and distilleries would produce 8000 tonnes of oil in the initial year.


Chattisgarh seeks to become the country’s 1st bio fuel self reliant state by 2015 by  encouraging to cultivate 80 million Jatropha seedlings per year.


Starting in June, all buses running out  of Gurgaon  in the state of Haryana,  India will run on B% bio diesel (5% Bio diesel). Indian Oil Corporation will provide bio diesel.


Government of Orissa has decided on principle to run all the new heavy vehicles in bio diesel from recent month. In the district of Rayagada, they have taken the plantation of Jatropha nearly 5000 hectares and a plant will soon process bio diesel. 


Besides, almost all the states including railways have taken keen interest for plantation of Jatropha in their areas to make them self sufficient to produce bio diesel.


Daimler Chrysler is one of the complanies which put Jatropha on the business map on the world by initiating a bio diesel project. The employability of bio diesels was proved when this company ran a Mercedes Benz C220 CDI using Jatropha fuel for a distance of 5900 km covering 11 cities in 2004.

CONCLUSION

Bio diesel is produced to meet the strict quality control standards and specifications set forth in the industry standards established by the Government. These are adopted arter extensive testing and demonstration, during which time, bio diesel has shown to be a cleaner burning fuel which helped to provide better lubricity than petroleum diesel. Performance, storage requirement, and maintenance  are similar for bio diesel fuels and petroleum diesel. It contains no aromatics of sulphur, has a high Cetane number which is capable of good ignition. As bio diesel meeting most emission  standard with an affordable price, the future of bio diesel is quite encouraging. Though the  steps taken by Government is only a smallp leap, no doubt in future it could solve the fuel crisis of the country. Thus bio diesel could not only solve fuel crisis , but it  could able to control pollution in the country and could able to make a pollution free nation.
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