REPORT OF THE COMMITTEE ON DEVELOPMENT OF BIO-FUEL

EXECUTIVE SUMMARY

i. Introduction

Oil provides energy for 95% of transportation and the demand of transport fuel continues to rise. The requirement of Motor Spirit is expected to grow from little over 7   MMT in 2001 –02 to over 10 MMT in 2006-07 and 12.848  MMT in 2011-12 and that of diesel (HSD) from 39.815 MMT in 2001-02 to 52.324 MMT in 2006-07 and just over 66 MMT in 2011-12. The domestic supply of crude will satisfy only about 22% of the demand and the rest will have to be met from imported crude. Our dependence on import of oil will continue to increase in the foreseeable future.  It has been estimated that the demand for crude oil would go up to 85 MMTPA from about 50 MMTPA in 2001-02 while the domestic production will be around 22%  of the demand. The crude prices and availability are subject to great volatility depending upon the international situation and, therefore, attempt needs to be made to reduce dependence on imports.

In biofuels the country has a ray of hope. Biofuels are renewable liquid fuels coming from biological raw material and have been proved to be good substitutes for oil in the transportation sector. As such biofuels – ethanol and biodiesel- are gaining worldwide acceptance as a solution to environmental problems, energy security, reducing imports, rural employment and improving  agricultural economy. 

Ethanol is used as fuel or as an oxygenate to gasoline. Raw material used for producing ethanol varies from sugar, cereals, sugar beet to molasses in India. Brazil uses ethanol as 100 % fuel in about 20 per cent of vehicles and 25% blend with gasoline in the rest of the vehicles. USA uses 10 % ethanol-gasoline blends whereas a 5% blend is used in Sweden. Australia uses 10% ethanol-gasoline blend. Use of 5% ethanol-gasoline blend is already approved by BIS and is in progressive state of implementation in the country. BIS standards for 10% blend need to be drafted after conducting trials and fixing parameters.

Biodiesel is made from virgin or used vegetable oils (both edible & non-edible) and animal fats through trans-esterification and is a diesel substitute and requires very little or no engine modifications up to 20% blend and minor modification for higher percentage blends. The use of biodiesel results in substantial reduction of un-burnt hydrocarbons, carbon monoxide and particulate matters. It has almost no sulphur, no aromatics and has about 10 % built in oxygen, which helps it to burn fully. Its higher cetane number improves the combustion. 

Sunflower and rapeseed are the raw materials used in Europe whereas soyabean is used in USA. Thailand uses palm oil, Ireland uses frying oil and animal fats. It is proposed to use non-edible oil for making biodiesel. 

ii. Rationale of Biofuels for Transport in India:

The rationale of taking up a major programme for the production of bio-fuels for blending with gasoline and diesel in our country emanates from a variety of factors. First, there is no alternative to the petroleum based fuels i.e., motor spirit or gasoline and High Speed Diesel (HSD) for the transport sector which is the major consumer of petroleum products. Secondly, biofuels are environmentally superior fuels and their use becomes compelling if the prescribed emission norms are to be achieved. Thirdly, there is need to meet the global environmental concern about climate change, ensure energy security, reduce imports, generate employment for the poor and achieve a number of other objectives of the Tenth Plan.

iii. Automotive Engines

Automobiles use two groups of engines, based on  -

· Constant pressure cycle which in practice is diesel engine and alternatively called compression ignition engine. The fuel for this kind of engine is diesel a major fraction of crude oil distillation. These are used for all our heavy vehicles in railway transport, in tractors etc.

· Constant volume cycle which in practice is our gas engines and alternatively called spark ignition engine. The fuel for this kind of engine is gasoline cut of the crude oil. These engines are used for all light vehicles like cars, three wheelers and  two wheelers. Gasoline gives the advantage of making possible two stroke engines for motor bikes, scooters etc without the need of cumbersome valve mechanism The advantages are in the form of quick start, fast acceleration, no large quantity of carbon emission, particulate  matter (PM). Gasoline has high calorific value of 10000 kcal/kg and all the desirable properties for storage, ignition, combustion and  handling.  The demand for light vehicles continues to grow faster than for heavy vehicles.      

From environmental aspects, to achieve Bharat II emission standards, there are  problems in using petrol and diesel as fuels. There are strong reasons why substitutes should be found and used for motor spirit/gasoline and diesel.

iv. Gasoline (Motor Spirit) & Its Substitute – Ethanol

a. Problems with gasoline:  

There are several problems in using gasoline or motor spirit or petrol which are derived from crude oil. Petroleum reserves are finite.   Emissions from engines using gasoline or motor spirit such as Nitrogen Oxides, Sulphur Dioxide, Carbon Dioxide and particulate matter cause pollution. Gasoline has knocking tendency which limits the compression ratio of the gas engine. TEL is an additive that improves the anti-knocking rating of the fuel dramatically. The harmful effect of the lead led to banning of its use. Benzene  or cyclic compounds also increase the octane rating. Benzene is, however a known carcinogenic material. Alternatively, MTBE and ETBE are used as additives to improve anti-knocking tendency and to reduce other vehicular emissions. The oxygenated fuels burn more completely and so reduce carbon monoxide emission upto 20%.  

b. Ethanol as an automotive fuel:  

The advantages of using ethanol and methanol as automotive fuels are that they are oxygenates containing 35% oxygen and are renewable. They reduce vehicular emission of Hydrocarbons and Carbon Monoxide and eliminate emission of lead, benzene, butadiene etc. 

While the calorific value of ethanol is lower than that of gasoline by 40% it makes up a part by increased efficiency. Blends below 10% of ethanol do not present problems. However, blends above 20% pose certain difficulties such as (i) higher aldehyde emissions, (ii) corrosiveness, affecting metallic parts (iii) higher latent heat of vaporisation causing startability problem, (iv) higher evaporation losses due to higher vapour pressure and (v) requiring large fuel tank due to lower calorific value .  

As there is a theoretical decrease in the energy content of gasoline blended with oxygenates, a decrease in mileage, km/ltr of fuel consumed is expected.  But in urban use a significant increase in fuel efficiency has been reported.  

The higher latent heat of vaporisation of ethanol than gasoline is expected to cause startability problem.  But blend up to 25% ethanol in gasoline poses no problem.
Ethanol is corrosive in nature, absorbs moisture readily and can affect metallic parts (ferrous/non-ferrous).  However with the 10% ethanol blend no compatibility problems have been found. 

Standards For Ethanol Use As Fuel Blending have been prescribed: 

c. Production Of Ethanol:

1. Raw Material

Three classes of vegetative sources (raw materials) can be used:

· starch as grain, corn and tubers like cassava

· sugar plants (sugar beet or sugar cane)

· cellulose plants (general tree and  biomass)

2. Process:

Ethanol production is very ancient linked with making potable alcohol. The liquor containing corn, grapes juice, molasses etc are fermented by adding yeast to it in batch fermentators for a number of hours (minimum 40 hours) when fermentation gets completed it is distilled to remove water and undesirable compounds for achieving 99%+ purity.  

Through Sugarcane:

Through sugar cane- sugar route: The major source of ethanol production in the country is via sugarcane-sugar-molasses route. This provides better economy by sale of sugar, molasses becomes the by-product of the  sugar. Average sugar cane productivity in India is about 70 MT per hectare and ethanol produced from one MT of sugarcane is 70 litre.

Through sugar beet: 

In European countries sugar beet is preferred. Sugar beet has certain advantages over sugarcane. It provides higher yield (12.5 to 17.5 ton per hectare of sugar against 7.5 to 12 ton of sugar per hectare from sugarcane in addition to low requirement of water, lower maturity time and lower power requirement for crushing. 

Sugar beet cultivation and its processing to ethanol needs to be promoted in the country

Starch based alcohol production: 

Alcohols are produced from a large number of different starch crops as barley, wheat, corn, potato, sorghum etc. The conversion of starch into alcohol follows the same process of fermentation and distillation as that of sugarcane. 

Corn can provide about 275 litre of ethanol from one MT. With productivity of 2 MT per hectare, 550 litre of ethanol can be produced from one hectare of corn plantation. In addition to lower yield per hectare of ethanol, corn presents the problem of disposal of residue, but it can be used as animal feed. It can, however, be utilised for value added products which can provide starch based alcohol production economical. Corn oil is edible and its use in India for production of ethanol is not economically feasible.

Ethanol made from cellulosic biomass

In the coming years it is believed that cellulosic biomass will be the largest source of bioethanol.  The broad  category of biomass for the production of ethanol includes agricultural crops & residues and wood.  Biomass resources are abundant and have multiple application potential.  Among the various competing processes, bioethanol from lignocellulosic biomass appears to have economic potential.  The crops residues such as rice straw, bagasse etc are not currently used to derive desired economic and environmental benefits and thus they could be important resource base for bioethanol production. As for example one MT of rice straw or bagasse can give over 400 litre of ethanol 

Cellulosic material are polymers of sugar and are difficult to decompose by enzymes and need breaking of bonds before hand. Two different routes are being tried. One is by action of chemical (Acid or new generation of enzymes) and the second is the thermal route of gasification. The first route is being generally followed as in paper pulp industry. However, for ethanol production economics are not favourable. The gasification route provides better economics but looks to be very complicated. It is as yet in an experimental stage.

d. Economics of production: 

The major factors that affect the ethanol cost are, the yield of sugarcane and cycle of production, the sugar contents in the juice, efficiency in juice extraction as well as in fermentation, and lastly utilisation of waste. 

Under the existing price structure, sugar production provides higher value addition than sugarcane to ethanol. 

      





In $ /MT

	
	U.S.A.
	Brazil
	India

	Sugarcane to sugar
	28.28
	10.71
	9.36

	Sugarcane to ethanol
	-4.21
	8.21
	5.66


e. Utilisation of waste: 

Two major waste products are generated in the ethanol production from sugarcane namely, Bagasse that can be used as boiler fuel and also as raw material for news print and spent wash that can be used for generation of biogas which is a gaseous fuel of medium heating value.

f. Research areas in the field of bioethanol

Ethanol producers in the United States produce around 1.5 billion gallons of ethanol each year, mostly derived from corn. As demand for ethanol increases, other biomass resources, such as agricultural and forestry wastes, municipal solid wastes, industrial wastes, and crops grown solely for energy purposes, will be used to make ethanol. Research activities over the past 20 years have developed technology to convert these feedstocks to ethanol.

Fuel ethanol is currently produced from the easily fermented sugar and starch in grain and food processing wastes. Soon, new technologies will be economically viable for converting plant fiber to ethanol. A portion of the agricultural and forestry residues (corn stover ,stalks, leaves, branches) which are presently burned or left in the field may therefore be harvested for biofuel production. There will be many benefits by connecting the established corn ethanol industry with the emerging technologies that produce ethanol from agricultural wastes and other types of biomass.

Sweet sorghum can be grown in temperate and tropical regions. Sweet sorghum produces a very high yield in comparison with grains, sugar, lignocellulosic biomass (on average a total of 30 dry tons/ha per year) Plantations need less seed than for other crops: 15 kg/ha compared with 40kg/ha for corn, or 150 kg/ha for wheat.

g. Meeting the Ethanol demand for blending: 

The ethanol demand for blending can be calculated from the plan projection of the future growth in gasoline use as tabulated below:

	Ethanol Demand And Supply For Blending In Gasoline

	Year
	Gasoline

demand

MMT
	Ethanol

demand

Th KL
	Molasses

production

MMT
	Ethanol Production
	Utilization of Ethanol

	
	
	
	
	Molasses

Th KL
	Cane

Th KL
	Total

Th KL
	Potable

Th KL
	Industry

Th KL
	Balance

Th KL

	2001-02
	7.07
	416.14
	8.77
	1775
	0
	1775
	648
	600
	527

	2006-07
	10.07
	592.72
	11.36
	2300
	1485
	3785
	765
	711
	2309

	2011-12
	12.85
	756.35
	11.36
	2300
	1485
	3785
	887
	844
	2054

	2016-17
	16.4
	965.30
	11.36
	2300
	1485
	3785
	1028
	1003
	1754

	Notes: 

1. Area under sugarcane cultivation is expected to increase from 4.36 mha in 2001-02 to 4.96 in 2006-07

 which would add additional cane production of around 50 MMT.

2. About 30% of cane goes for making gur and khandsari. If there is no 

    additional increase in khandsari demand, sugar and molasses production would increase.  

3. The present distiller capacity is for 2900 Th kL of ethanol and looks to be 

    sufficient for 5% blend till 12 th plan 

4. A growth of 3% in potable use and a 3.5% in chemical and other use has been assumed.


The Government has taken the decision to make the 5% blending in gasoline as mandatory in phased manner. From the table it is clear that the present production of ethanol is mainly from molasses. It is projected that in the year 2006-07, 1485 thousand kl of ethanol from sugarcane directly will be produced in addition to 2300 thousand kl from molasses. Thus for meeting the demand of ethanol for 10 % blending, capacity to produce ethanol in the country is sufficient. But for blending purposes anhydrous ethanol is required and the distilleries will have to put up facility to dehydrate ethanol and produce anhydrous ethanol . For higher percentage of blending and till the demand becomes stable, correspondingly higher quantities of ethanol, and consequently more sugarcane and other raw material, would be needed. The target should be to raise the blending in stages to 10% by the end of the X Plan. 

h. Recommendations on Ethanol

· The country must move towards the use of ethanol as substitute for motor spirit. Though it is technically feasible to design and run automobiles on 100% ethanol, for the reason of its limited availability and compatibility with vehicles presently in use, blending of ethanol with motor spirit needs to make a very modest beginning to be raised to 10%, as capacity to produce anhydrous ethanol is built up.

· Ethanol may be manufactured using molasses as the raw material. The industry should be encouraged to supplement the production of alcohol from molasses by producing alcohol from sugarcane juice directly in areas where sugarcane is surplus. For this purpose restrictions on movement of molasses and putting up ethanol manufacturing plants may be removed.

· Imported ethanol should be subject to suitable duties so that domestically produced ethanol is not costlier than the imported one.

· Ethanol diesel blending requires emulsifier and also poses certain storage and technical problems. Indian Institute of Petroleum is working on the subject. Ethanol diesel blending should await the solution of the problems.

· Buyback arrangement with oil companies for the uptake of anhydrous alcohol should be made.

· To reduce cost of production of ethanol, the following measures may be considered:

· Provision of incentives for new economic sized distilleries incorporating state of art technology such as, molecular sieve technology for making anhydrous alcohol.

· Integration of distillery with sugar plant to have multiple choice of making sugar, or direct sugarcane to ethanol.

· Economics of ethanol production from other feedstocks such as sugar beet, corn, potatoes, grain, straw etc should be studied. R&D should be carried out to develop technologies which are competitive in cost of production of ethanol from molasses.

v. Biodiesel

a. Problems in Using Petroleum Derived HSD:

Like all fossil fuels the use of HSD also makes net addition of Carbon to the atmosphere. In addition, diesel emits particulate matter (PM), specially below micron 2.5 which passes the protection system of the body to get lodged in lungs causing reduction in its vital capacity.  In association with the particulate matter the un-burnt oil is carcinogenic. In addition Carbon Monoxide, Hydrocarbon, Sulphur and PAH emissions are on the higher side.

 Attempts to reduce particulate matter emissions have not been entirely successful. A 15% ethanol –diesel blend reduces particulate matter emission, however the blend provides certain technical problems for which satisfactory solution has not been found. These have been discussed in the succeeding paragraphs.

b. Characteristics of Biodiesel

Bio-diesel is fatty acid ethyl or methyl ester and has properties similar to petroleum diesel fuels. Similar to the HSD, bio diesel is its substitute. The specifications of bio-diesel are such that it can be mixed with any diesel fuel. Cetane number (CN) of the bio-diesel is in the range of 48-60 and the sulphur content is typically less than 15 ppm. Studies conducted with bio-diesel on engines have shown substantial reduction in Particulate matter (25 – 50%). However, a marginal increase in NOx (1-6%) is also reported; but it can be taken care of either by optimization of engine parts or by using De-NOx catalyst . HC and CO emissions were also reported to be lower. Non-regulated emissions like PAH etc were also found to be lower. Thus, bio-diesel can supplement the supply of environment friendly fuels in our country in future. In conventional diesel fuels, the reduction in sulfur content is compensated by adding additive for lubricity of fuel injection pump (FIP). Bio-diesel is reported to have superior lubricity. Flash point of bio-diesel is high (> 100o C). Its blending with diesel fuel can be utilized to increase the flash point of diesel particularly in India where flash point is 35o C well below the world average of 55o C. This is important from the safety point of view. The viscosity of bio-diesel is higher (1.9 to 6.0 cSt) and is reported to result into gum formation on injector, cylinder liner etc. However, blends of up to 20% should not give any problem. While an engine can be designed for 100% bio-diesel use, the existing engines can use 20% bio-diesel blend without any modification and reduction in torque output. In USA, 20% bio-diesel blend is being used, while in European countries 5 -15% blends have been adopted.

Bio-diesel can be blended in any ratio with petroleum diesel fuel. It can be stored just like the petroleum diesel fuel and hence does not require separate infrastructure. Bio-diesel has been accepted as clean alternative fuel by US . Due to its favorable properties, bio-diesel can be used as fuel  for diesel engines ( as either,B5-a blend of 5% bio-diesel in petro-diesel fuel,) or B20 or  B100). USA uses B20 and B100 bio-diesel, France uses B5 as mandatory in all diesel fuel.

Sunflower, rapeseed is the raw material for Bio-Diesel used in Europe whereas soybean is used in USA. Thailand uses palm oil, Ireland uses frying oil and animal fats. In India it is proposed to use non-edible oil for producing Biodiesel. Presently many species are being grown which yield seed containing non-edible oil. The present production is being used and much surplus is not available. It is proposed to take up a major plantation programme of Jatropha curcas, for reasons which are given in the later part of this report, to provide the oil needed.

c. Rationale: 

The rationale of taking up a major programme for the production of bio-diesel in India for blending with diesel lies in the context of :

· Bio-diesel being a superior fuel than HSD from the environmental point of view; 

· Use of bio-diesel becomes compelling in view of the tightening of automotive vehicle emission standards and court interventions;

· The need to provide energy security, specially for the rural areas; 

· The need to create employment;

· Providing nutrients to soil, checking soil erosion and land degradation;

· Rehabilitating degraded lands through greening;

· Addressing global concern relating to containing Carbon emissions as provided in the Framework Convention on Climate Change;  and

· Reduce dependence on crude oil imports. 

d. Feasibility Of Producing Bio-Diesel As Petro-Diesel Substitute

For the reason of edible oil demand being higher than its domestic production, there is no possibility of diverting this oil for production of bio-diesel. There are many tree species which bear seeds rich in oil. Of these some promising tree species have been evaluated and it has been found that there are a number of them such as Jatropha curcas and Pongamia Pinnata (‘Honge’ or ‘Karanja’) which would be very suitable in our conditions. However, Jatropha curcas has been found most suitable for the purpose. It can be planted on under-stocked forest lands managed by the J.F.M. Committees, farmers field boundaries to provide protective hedge, fallow lands, on farmers’ holdings as agro-forestry along with agricultural crops, public lands along railway tracks, highways, canals and community and government lands in villages. It can also be planted under the poverty alleviation programmes that deal with land improvement. 

e. Economics of Biodiesel from Jatropha curcas:
The by products of Bio-diesel from Jatropha seed are the oil cake and glycerol which have good commercial value. These bye-products shall reduce the cost of Bio-diesel depending upon the price which these products can fetch. The cost components of Bio-diesel are the price of seed, seed collection and oil extraction, oil trans-esterification, transport of seed and oil. The cost of Bio-Diesel produced by trans-esterification of oil obtained from Jaropha curcas seeds will be very close to the cost of seed required to produce the quantity of biodiesel as the cost of extraction of oil and its processing in to biodiesel is recoverable to a great extent from the income of oil cake and glycerol which are bye-products.

Taking these elements into account, the price of Bio-diesel has been worked out assuming cost of seed as Rs. 5 per kg, 3.28 kg of seed giving one litre of oil and varying prices of by-products. The cost of Bio-diesel varies between Rs. 16.59 to 14.98 per litre if the price of glycerol varies between Rs 60 and 40 per Kg.

f. Target of bio-diesel production:

Targets need to be set up for bio-diesel production. The objective is to gradually raise it to take it to 20% in the year 2011 – 12 beginning with 5% in 2006-07. It is estimated that HSD demand by the end of 11th Plan (2011-12) shall be 66.9 MMT requiring 13.38 MMT of Biodiesel which in turn will require plantation of Jatropha curcas over about 11.2 million ha of land. In order to achieve 5% replacement of petro-diesel by bio-diesel by the year 2006-07, there is need to bring minimum 2.19 million ha area under plantation of Jatropha curcas. Year wise projected consumption of HSD, the requirement of Biodiesel for different rates of blending and the area that needs to be brought under Jatropha plantation are given in the following table. 

Diesel & Biodiesel Demand, Area Required under Jatropha For Different Blending Rates

	Year
	Diesel Demand 

MMT

	Bio-Diesel @ 5%

MMT

	Area for 5%   

Mha

	Bio-Diesel @ 10%

MMT

	Area for 10% 

Mha

	Bio-Diesel @20%

MMT

	Area for 20% 

Mha


	2001-02
	39.81
	1.99
	N.A.
	3.98
	N.A.
	7.96
	N.A

	2006-07
	52.33
	2.62
	2.19
	5.23
	4.38
	10.47
	8.76

	2011-12
	66.90
	3.35
	2.79
	6.69
	5.58
	13.38
	11.19


g. Potential availability of land for Jatropha Plantation:

With appropriate extension and availability of planting material it should be easy to cover 13.4 Million hectare of land with Jatropha curcas as indicated below:

· Forests cover 69 Million hectares of which 38 million hectare is dense forest and so 31 million hectare is under-stocked. Of this 14 million hectare of forests are under the Scheme of Joint Forestry Management. 3.0 million hectare (notional) of land in forests should easily come under Jatropha curcas plantation.

· 142 million hectare of land is under agriculture. It will be reasonable to assume that farmers will like to put a hedge around 30 million hectare of their fields for protection of their crops. It will amount to 3.0 million hectare (notional) of plantation.

· The cultivators are expected to adopt it by way of agro-forestry. Considerable land is held by absentee land lords who will be attracted to Jatropha curcas as it does not require looking after and gives a net income of Rs 15000 per hectare. 2 Million Hectare of notional plantation is expected.

· Culturable fallow lands are reported to be 24 million hectare of which current fallow lands are 10 million ha and other fallows are 14 million hectares. Ten percent of such land ( 2.4 million hectare) is expected to come under Jatropha curcas plantation 

· On wastelands under Integrated Watershed Development and other poverty alleviation programmes of Ministry of Rural Development a potential of 2 million hectare of plantation is assessed..

· On vast stretches of public lands along railway tracks, roads and canals. One million hectare of notional coverage with Jatropha curcas is a reasonable assessment.

In addition about 4 Million hectare of waste lands could also be brought under such plantation.

h. Specifications and Quality Standards for Bio-fuels

ASTM has issued bio-diesel standard D 6751 in December 2001, which covers the use of pure bio-diesel (B100) into conventional diesel fuel up to 20 % by volume (B20). This replaces the provisional specification PS 121 issued in1999. Austria (ON C 1191), France (JO), Italy (UNI 10635) and Germany (DIN E 51606) had issued bio-diesel standards in 1997, Sweden in 1996 and a common draft standard EN 14214 for the European Union has also been   announced. The new Italian bio-diesel standard, which will replace UNI 10 635, has been finalized and will be released this year for public. The standards for Bio-Diesel in India are under formulation and are proposed to be based on standards adopted by European Union. It is necessary that the approval of Vehicle, Engine and Fuel Injection manufactures is taken before finalizing standards and implementing fuel change. By getting warranties from OEMs and FIE manufacturers, the customer acceptance of bio-fuels will increase and shall go a long way in enhancing the use of bio-fuels.

i. R&D Issues Needing Attention: 

· Raw Material (Jatropha seed and oil):

Selection of improved germ-plasm material for quality and quantity of oil ; Selection of the bio-crop for production of Biodiesel i.e Jatropha curcas & others; Developing agro-technologies for different agro-climatic regions; Total chemical analysis of all potential non-edible oils with special reference to Jatropha Curcas Oil.

· Production Technology : 

Research efforts for perfecting an efficient chemical/ catalyst conversion process ; Development of Bio-catalyst i.e. Lipase catalyzed esterification ; Development of Heterogeneous Catalyst i.e. use of smart polymers ; Alternate uses of by-products i.e. glycerol and meal cake.

· Utilization as Fuel : 

Data generation & Production of  bio-diesel from all possible feed stocks ; Response of different available additives and  their dosages on the bio-diesel ; Effect of bio-diesel on elastomers, corrosion etc ; Stability of Bio diesel -  Oxidation stability, Thermal Stability and  Storage Stability; Engine Performance and emissions based on different feedstock based Bio-diesels ; Toxicological Studies and Tests to check Adulteration 

· Plants in operation/ under construction

Different technologies are currently available and used in the industrial production of bio-diesel, which is sold under different trademarks. For example, there are the Italian processes Novamont, and the French IFP. A number of units are manufacturing bio-diesel worldwide. These units are using sunflower oil, soybean oil, rapeseed oil, used-frying oil, Jatropha oil, etc. as a source of triglycerides . Out of 85 plants identified,  44 plants were in Western Europe with Italy as the leading country with 11 plants, 29 plants in Eastern Europe, 8 plants in North America and 4 plants in the rest of the world.  Overall capacity grew from 111,000 tons in 1991 to 1,286,000 in 1997.  USA is the fastest growing newcomer and a number of companies are emerging there.  Additional capacities are expected in Japan and the palm oil producing countries, Indonesia and Malaysia.  Actual production grew from 10,000 tons in 1991 to 661,000 tons in 1997.  France is the leading producer with 227,000 tons (in 1996).

· Blending of Esters & Diesel 

Blending conventional Diesel Fuel (DF) with esters (usually methyl esters) of vegetable oils is presently the most common form of bio-diesel.  The most common ratio is 80% conventional diesel fuel and 20% vegetable oil ester, also termed “B20,” indicating the 20% level of bio-diesel; There have been numerous reports that significant emission reductions are achieved with these blends and no engine problems were reported in larger-scale tests with B20. Another advantage of bio-diesel blends is the simplicity of fuel preparation, which only requires mixing of the components. Ester blends have been reported to be stable.  One limitation to the use of bio-diesel is its tendency to crystallize at low temperatures below 0°C. causing problems in fuel pumping and engine operation. One solution to this problem may be the use of branched-chain esters, such as isopropyl esters. Another method to improve the cold flow properties of vegetable oil esters is to remove high-melting saturated esters by inducing crystallization with cooling, a process known as winterization.

· Storage & handling of Bio-Diesel:

As a general rule blends of bio-diesel and petroleum diesel should be treated like petroleum diesel. Though the flash point of bio-diesel is high, still storage precautions somewhat like that in storing the diesel fuel need to be taken.  Based on experience so far, it is recommended that bio-diesel can be stored up to a maximum period of 6 months. Bio-diesel vegetable methyl esters contain no volatile organic compounds that can give rise to poisonous or noxious fumes. There is no aromatic hydrocarbon (benzene, toluene, xylene) or chlorinated hydrocarbons. There is no lead or sulphur to react and release any harmful or corrosive gases. However, in case of bio-diesel blends significant fumes released by benzene and other aromatics present in the base diesel fuel  can continue. 

· Engine Development & Modifications

The use of unrefined vegetable oil leads to poor fuel atomization due to high viscosity resulting in poor combustion and also more gum formation in fuel injector, liner etc. The results of emissions of using unrefined vegetable oils were unfavorable and were also accompanied by deposit formation . Therefore, it is necessary to esterify the vegetable oil for use in engines. However, these problems can be addressed by use of a suitable additives package. Engine oil dilution is a potential problem with biodiesel since it is more prone to oxidation and polymerization than diesel fuel. The presence of biodiesel in engine could cause thick sludge to occur with the consequence that the oil becomes too thick to pump. Engine oil formulations need to be studied to minimize the effect of dilution with biodiesel. It must be noted that the light duty diesel engines are sufficiently different from heavy duty diesel engines in many aspects and one should not expect that the emission behavior of the two types of engines would be same. This fact should be kept in mind while transferring conclusions of studies done on one type of engine to other type of engines.

· Marketing & Trade

Biodiesel mixes easily in any proportion with the conventional diesel and by virtue of its high density it can be easily blended in a tank containing petroleum diesel. Its handling and storage is just like the petroleum diesel and no separate infrastructure is required. Therefore, the blending of biodiesel, which transported by tankers, should be carried out at  depots of diesel marketing and distribution companies. The biodiesel blends do not need separate dispensing and existing diesel dispensing station can also dispense biodiesel blends. Since the percentage of Biodiesel to be blended will have to start from a low level, say 5%, and gradually increase, studies related to blending will need to be carried out.. The role of marketing companies in distribution, pricing, taxation,, interstate movement and  the direct and indirect impact of biodiesel e.g. employment generation, balance of trade, emission benefits etc need to be studied.

· R&D Work done in India

In India, attempts are being made for using non-edible and under-exploited oils for production of esters. Punjab Agricultural University is actively involved in R&D work on plant oils and their esters (bio-diesel) as alternate fuel for diesel engines since early eighties. Indian Institute of Petroleum (IIP) is actively pursuing the utilization of non-edible oils for the production of bio-diesel, additives for lubricating oils, saturated and unsaturated alcohols and fatty acids and many other value added products. Indian Institute of Chemical Technology extracted oil from Jatropha curcas. A catalyst-free process (Indian patent filed, US Patent being filed) that is insensitive to  moisture or high FFA content has been developed at IICT,  and an oil of any FFA content can be converted to  the alkyl ester. Besides, preliminary studies on the utilization of non-edible oils such as Neem, Mahua, Linseed etc. as fuel are being carried out at IIT, Delhi and IIT, Madras. IOC R&D is also doing some work on the transesterification of vegetable oils. IOC (R&D) has already set up a biodiesel production facility of 60 kg/day at Faridabad. Mahindra & Mahindra Ltd has a pilot plant utilizing Karanj for biodiesel production and has carried out successful trials on tractors using this fuel. 

vi. National Mission on Biodiesel:

a. Necessity:

For reasons mentioned under ‘Rationale’ above, it is clear that Biodiesel must be produced in the country in quantities sufficient to enable its blending with HSD to the extent of 20% in ‘2011-12. The estimated production of bio-diesel will require plantation of Jatropha curcas over 11 million hectares of land in and outside forests and mobilisation of initiative and enterprise of large numbers of stake holders including individuals, communities, entrepreneurs, oil companies, business, industry, financial institutions, government and its institutions. It is, therefore, necessary that an integrated programme based on the initiative and enterprise of these stakeholders and participants be prepared and implemented. 

Accordingly a National Mission on Biodiesel is proposed. However, before the National Mission becomes a mass movement and assume the envisaged form, it will be necessary for the Government to demonstrate the viability of the programme with all its linkages in different parts of the country and widely inform and educate the potential participants and stake holders. 

b. Phasing:

The National Mission on Biodiesel, is therefore proposed in two phases as below: 

· Phase I consisting of a Demonstration Project to be implemented by the year 2006-07.

· As a follow up of the Demonstration Project, Phase II will consist of a self sustaining expansion of the programme beginning in the year 2007 leading to production of Biodiesel required in the year 2011-12.

c. Objectives of Demonstration Project:

The Demonstration Project will have the following objectives: 

· To lay the foundation of a fast-growing and self-sustaining people and enterprise driven programme of Biodiesel production in the country.

· To produce enough seed for the production of bio-diesel.

· To test, develop and demonstrate the viability of all the components of the programme, and its estimated costs and varied benefits with all its forward and backward linkages,

· To inform and educate the potential participants of the programme.

d. Area Coverage Under Demonstration Project: 

It will involve plantations on 4 lakh hectares of land in compact areas each of 50000 to 60000 Ha and ensuring setting up of facilities for all the activities involved in forward and backward linkages. A total of eight compact areas are proposed, one in each State– four for implementation by the JFM Committees and the Forest Department and four by other agencies on non-forest lands. The Implementation by JFM Committees  are proposed in the States of Tamilnadu, Chhattisgarh, Gujarat and Tripura. Non-forest lands proposed to be covered lie in the States of UP (near Allahabad), M.P. (near Ujjain), Maharashtra (near Nasik) and Andhra Pradesh in Telangana.

The areas chosen are such as have good potential and would lead to massive dissemination of information, awareness generation and education through visits to actual Jatropha plantations and other components of the Project of very large numbers of persons. The size of the compact area selected is such that all the activities can be carried out in a cost effective manner. Experience in Europe has demonstrated that a trans-esterification plant of an annual capacity of 80,000 tons is economical. This much of oil is expected to be produced from a plantation over an area of 50 to 70 thousand hectares depending upon the agro-climatic conditions. This area under plantation in each of the eight States will support one unit of trans-esterification. These compact areas will be subdivided in to blocks of about 2000 Ha of plantation each to facilitate supply of planting material, procurement of seed and primary processing through expellers.

e. Mission Mode of Demonstration Project:

The Demonstration Project is proposed to be planned and implemented in a mission mode. For this purpose,  6 Micro Missions are proposed to optimize the activities to be undertaken under the project including plantation, procurement of seed and extraction of oil, processing of seed oil into Biodiesel (trans-esterification) , blending and marketing and Research & Development. These micro-missions and their nodal agencies are given below:

· Micromission on Plantation on Forest lands on 2 lakh hectares in four States each covering about 50000 hectares through the Joint Forestry Management Committees and FDAs with the Ministry of Environment & Forests acting in coordination with the State Governments, as the nodal agency.

· Micromission on Plantation on non-forest lands in four States each covering about fifty thousand hectares making a total of two lakh hectares. The National Oilseeds and Vegetable Oil Development Board (NOVOD) under the Ministry of Agriculture will perform the nodal role. 

· Micromission on Plantation on Other Lands–Implementation by Ministry of Rural Development. Jatropha curcas plantation has all round positive implications for poverty alleviation and upgradation of land resources. Therefore, various programmes of the Ministry of Rural Development; such as IWDP, SGSY, SGRY, PMGY etc. could include Jatropha plantation as a part of their programme to help the farmers to escape poverty for which necessary funds are already provided under the Plans of the respective Ministries. The Ministry of Rural Development and its two departments namely the Department of Rural Development and the Department of Land Resources and CAPART may be made responsible for plantation in degraded and wastelands, and other areas ( but not included in the Micromission to be implemented by NOVOD).
· Micromission on Procurement of Seed and Oil Extraction. KVIC will be the nodal agency. Similarly, KVIC may step in to support setting up the Seed Procurement Centres, procurement of seeds, oil extraction activity, developing and providing technology, Extension and training, mobilization of funds from the financial institutions and sale of oil for trans-esterification 

· Micromission on Trans-esterification, Blending and Trade. Ministry of Petroleum and Natural Gas will perform the nodal role. 

· Micromission on Research and Development. Since the project will be implemented for the first time in the country, problems are likely to be encountered. The institutions under ICAR, ICFRE, CSIR, other Research and Training Institutions supported by the Government of India, State Agriculture Universities and interested institutions in the industry – both public sector and private sector will be invited to make their contribution to problem  solving. 

f. Institutional Framework

There should be c
· o-ordinated effort among the ministries, departments and governmental and non-governmental agencies assigned a role in the implementation of Bio-Diesel Programme. It is proposed that an inter-ministerial Coordination Committee be constituted under the chairmanship of Deputy Chairman, Planning Commission to formulate policy, give general guidance for effective implementation dealing with issues of coordination and monitoring of the programme. A Steering Committee under Member (S&T) involving officers from the concerned Ministeries is also proposed. A cell to service the two Committees may be set up in the Planning Commission.
g. Financial Requirement:

The financial requirement of the demonstration project has been estimated at Rs.1496 cr. during the Tenth Plan as detailed at Table IV, Chapter IV. This includes government contribution of Rs. 1384 Cr consisting of Rs.1200 cr. for Nursery, plantation and protection which has to be provided by the Govt. as a promotional measure as well as the administrative expenses of Rs.68 cr and R&D expenses of an equal amount.  For the component of setting up Seed Collection and Oil extraction unit, the funds could be a mix of entrepreneurs’ own contribution of Rs. 16 Cr (margin money), subsidy from the Government of Rs. 48 Crore and loan of Rs. 96 Cr from NABARD and SIDBI in the ratio of 10:30:60.  Since Jatropha has never been used as a source of automotive fuel, some studies will have to be conducted relating to planting material, agro technologies, detailed studies of properties of oil and biodiesel produced from it, its behaviour in various kinds of vehicles and problems which have been listed in the relevant place.  As regards the Trans-esterification Unit, it will be a commercial venture involving relatively large sum of money (Rs.75 crore).  It is expected that the oil companies guided by the Ministry of Petroleum will induce private sector to set up such plants with financing from Financial Institutions; but the funds for R & D should be contributed by the Government, oil companies, associations of automobile manufacturers (SIAM) and other companies and associations connected with petroleum and automobiles.

h. Benefits of Demonstration Project:

The Demonstration Project will result in the following benefits:

· It will establish the feasibility of production of Jatropha based Biodiesel as a substitute for diesel and a source for energy security particularly for rural areas. In this process, output of 0.48 MMT of Biodiesel on a sustained basis will be  achieved. 10.52 MMT of compost will also be  produced.

· The country will become self sufficient in good quality planting material to take up plantation on the scale required for achieving 20% blending of diesel.

· It will be a major pro-poor initiative generating massive income and employment for the poor and thus an effective instrument of poverty alleviation.

· It will be a major tool for achieving the emission standards approved by the Government.

· It will  address the concern of global warming under the Framework Convention on Climate Change.

· It will be major step towards improving the land resources through drought proofing, greening of degraded lands, soil and moisture conservation etc.

· Infrastructure for providing R&D support, standards and specifications, required legal cover, changes in manufacture of automotive engines and other parts will be  firmly put in place to prepare the ground for future expansion as envisaged in the Mission.

· It will generate by the year 2007 cumulative employment of 127.6 million mandays in plantation and 36.8 million person days in seed collection. The employment generation on a sustained basis will be 16 MPD per year. Employment generated on a sustained basis for running seed collection and oil extraction centers will be 1600 Person years.

· On an overall basis, the income generated from the output of 1.5 million tons of seed will be Rs. 750 Crore. The income derived from Jatropha plantation and seed will be supplementary and assuming that the income from one hectare of plantation will be shared by four families, the aforesaid amount will be distributed among not less than 1.9 million poor families helping them to escape poverty. 

· The entire project will be community and farmer driven from plantation up to primary processing stage involving seed collection, procurement and oil extraction at the village level thus resulting in empowerment of the poor and their community in resource poor areas of endemic poverty.

· The Demonstration Project of the National Mission will establish the capacity of community, private and public sectors and market driven initiatives to achieve national objectives.

vii. Phase II of the National Mission:

On the basis of experience of the Demonstration Project, a Project will be formulated in the year 2006-07 for Phase II of the National Mission with the objective to achieve a self sustaining expansion of plantation and other related infrastructure with support of the Government. The aim will be to produce enough seed and Biodiesel for 20% blending with diesel. The villagers are expected to be attracted to Jatropha plantation on their field boundaries, fallow lands, fields, community lands government lands and, above all, understocked forests. A scheme of margin money, subsidy and loan may need to be instituted. Companies having lands could be encouraged to undertake Jatropha plantation.

Funds for plantation in degraded forests through JFM could come from the JFM members provided tree pattas can be given to each member who may be then induced to spend his own money as margin money and the remainder may come from the banks. 

The funds for the Seed Collection Centres and oil extraction units, trans-esterification units and R&D will be mobilized in the same manner as during the Demonstration Project (Phase I).

Since bio-diesel programme will address global environmental concerns and will make a definite impact on poverty alleviation within a short period, the Project formulated for Phase II is likely to attract the support of bilateral and multilateral funding agencies.  

viii. Recommendations relating to Biodiesel:

· A National Mission on Biodiesel as mentioned above should be launched with the objective of producing by the year 2011-12 biodiesel enough to enable its blending with HSD to the extent of 20%. A Demonstration Project  as its First Phase be taken up immediately.

· The Demonstration Project be taken up in a mission mode with micro-missions described above.

· In addition, the Ministry of Rural Development may take up plantation under the IWDP and other poverty alleviation programmes. The Department of Rural Development, the Department of land Resources and CAPART will be responsible for plantation in degraded and wastelands in districts outside the districts included in the Demonstration Project,  using the funds available under IWDP, SGRY and SGSY etc.

· After the completion of the Demonstration Project in the year 2007, the next phase of the National Mission should be a self sustaining expansion of plantation and setting up of corresponding facilities for seed collection, oil extraction, trans-esterification etc.

· Phase II should rest mainly on the initiative of the individuals, community, organizations, business and industry supported by financial institutions. The Government should act mainly as a facilitator providing policy support and interventions / incentives in critical areas as may be identified during monitoring and evaluation of the Demonstration project.

· Efforts should be made to get external funding for Phase II of the national Mission.

While legal framework would need to be provided for enabling the biofuel programme to make progress, in the beginning there is need for flexibility as a very rigid legal regime may hamper the development of biofuels in India. Hence it is proposed that a separate legislation on biofuels need not be considered at this stage and the needed legal requirements may be met by using the already available statutes such as the Environment Protection Act, Air (Prevention & Control of Pollution) Act and Motor Vehicles Act. 
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