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Abstract
Biodiesel production has received considerable attention in the recent past as biodegradable and non-polluting fuel. Substituting petro-diesel with biodiesel may reduce air emission, increase the domestic supply of fuel, and create new market for agriculture. An alternative approach would be one focus on multi-purpose; short-duration annual crops that can either simultaneously yield fuel along with food/fodder or can be cultivated in rotation with food crops, so that there are a lot of opportunities for small formers. The central policy of biodiesel concerns for creation and protection of environment. The economic benefits include support to the agriculture sector tremendous employment opportunities in plantation and processing. Biodiesel fuel plays an important role for the replacement of petro-diesel to eco-friendly fuel. Various studies showed that pollutants like CO, CO2, SOX, HC, PAH, PM etc can be reduced by using blended and pure biodiesel. NOX emissions are increased by using biodiesel.  Biodiesel is an environment friendly biofuel since it provide a means to recycle of CO2; biodiesel does not contribute global warming. Biodiesel is produced from various plant oils like Jatropha oil, Cottonseed oil, Pongania oil, Palm oils, Rapeseed oil, Castor oil converted to biodiesel through the process of transesterification. This study is initiated to investigate the potential of jatropha oil as source of biodiesel. Biodiesel can be converted into profitable business model with the increasing demand for alternative energy. The supply should meet the everyday demand of the public at strategy point replacing petro-diesel. This review paper describes the production, its properties, agricultural benefits, marketing and future potential of biodiesel.
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1. Introduction

Energy has played an important role in economic development of most countries in the world as shown by an evidently high and positive correlation between energy consumption and living standards. At present, most of the world’s primary commercial energy supply is derived from natural and exhaustible petroleum resources. Worldwide petroleum consumption has been increasing continuously at the rate of 6-7 percent per year [1]. The world petroleum reserves are being depleted at an alarming rate and it is predicted that the length of their supply is not exceeding 40-50 years [2]. Additionally, emission from engine combustion is a major cause of atmospheric pollution. The accumulation of carbon dioxide and other greenhouse gases in the atmosphere has resulted in climate changes which have negative consequences on human livelihoods, the global climate and the environment at large.  
Concerns over energy security, climate changes and rising oil prices are driving forces to encourage the use of alternative fuel such as biodiesel. The demand for biodiesel has increased continuously in recent years because it is renewable, cheaper and more environmentally friendly. It has been proven that biodiesel can reduce overall carbon dioxide emissions by 78 percent when compared with the petroleum-based diesel. Moreover, its properties are similar in terms of engine performance to the petroleum-based diesel fuel. Also, its additional advantages include greater lubricity, biodegradability, superior combustion efficiency and low toxicity [3, 4]. Compared with petroleum diesel, using biodiesel in a petroleum diesel engine, substantially reduce emission of unburned hydrocarbon (HC), carbon monoxide (CO), sulphates, polycyclic aromatic hydrocarbon (PAH), nitrated polycyclic aromatic hydrocarbon (nPAH), and particulate matter (PM). B100 provides the best emission reduction, but lower-level blends also provide good benefit. B5 to B100 has been shown to reduce PM, HC, CO, NOx, SO2, CO2 emission percentage [5] shows in figure 1.
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Fig. 1 Used biodiesel blend to reduce PM, HC, CO, NOx, SOx, CO2 emission percentage
The benefits of biofuels over traditional fuels include greater energy security, reduced environmental impact, foreign exchange savings, and socioeconomic issues related to the rural sector. Furthermore, biofuel technology is relevant to both developing and industrialized countries. For these reasons, the share of biofuels in the automotive fuel market is expected to grow rapidly over the next decade. Biofuels could be peaceful energy carriers for all countries. They are renewable and available throughout the world. Policy- makers will need to pay more attention to the implications for the transition to biofuel economy. The concept of sustainable development embodies the idea of the inter-linkage and the balance between economic, social and environmental concerns [6, 7]. Biodiesel is a synthetic diesel-like fuel produced from vegetable oils, animal fats or waste cooking oil. It can be used directly as fuel, which requires some engine modifications, or blended with petroleum diesel and used in diesel engines with few or no modifications [8, 9]. At present, biodiesel accounts for less than 0.2% of the diesel consumed for transport. Biodiesel has become more attractive recently because of its environmental benefits [10, 11]. With cooking oils used as raw material, the viability of a continuous transesterification process and recovery of high quality glycerol as a biodiesel by-product are primary options to be considered to lower the cost of biodiesel [12, 13]. 
There is wide disparity in the per-capita energy consumption between rural and urban areas like: 75% of rural households depend on firewood for cooking, 10% on dunk cake and about 5% on LPG as against 22% of urban households depend on firewood for cooking, another 22% on kerosene and 44% on LPG. Similarly for home lighting, while 50% of rural households depend on kerosene and another 48% on electricity, 89% of urban households depend on electricity and another 10% on kerosene.  
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Fig.2 Cooking and lightning energy scenario of rural and urban India
About 80% the rural energy used is derived from biomass; this puts heavy pressure on the already declining vegetation in villages. Use of inefficient chulhas often increases the drudgery of women and children who are involved in collection of fuel wood [14]. More than 90% of the cooking is done with fire wood and bovine dung, i.e., cow-dung [15], show in following figure 2. Increased energy conservation, improved energy efficiency and enhanced energy production from renewable sources (such as edible and non-edible oil) may definitely help India to become self sustaining in terms of energy availability.
1.1 Diesel consumption in India
Being largely dependent on imports, India needs to be prepared to meet its future petroleum requirements, improving the energy efficiency of transport modes and vehicle technology. It can be pursued by improving energy efficiency of transport modes fuel quality, and vehicle emission standards and introduction of alternative energy. India Consumption pattern of diesel by transport and non-transport sectors shown in Figure 3. 
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Fig.3 India Consumption pattern of diesel by transport and non-transport sectors
1.2 Agricultural and economical approach of Biodiesel
In previous economic studies of biodiesel production, the main economic factors such as capital cost, plant capacity, process technology, raw material cost and chemical costs were determined [16].The major economic factor to consider for input costs of biodiesel production is the feedstock, which is about 75–80% of the total operating cost. Other important costs are labour, methanol and catalyst, which must be added to the feedstock [17]. Using an estimated process cost, exclusive of feedstock cost, of US$0.158/l for biodiesel production, and estimating a feedstock cost of US$0.539/l for refined soy oil, an overall cost of US$0.70/l for the production of soy-based biodiesel was estimated [18]. Palm oil is the main option that is traded internationally, and with potential for import in the short term [19]. 

The cost of feedstock is a major economic factor in the viability of biodiesel production. Nevertheless, the price of waste cooking oil is 2.5– 3.5 times cheaper than virgin vegetable oils, thus can significantly reduce the total manufacturing cost of biodiesel. Biodiesel obtained from waste cooking vegetable oils has been considered a promising option. Jatropha oil is available with relatively cheap price for biodiesel production in comparison with fresh vegetable oil, costs shown in Table 1. Economic advantages of a biofuel industry would include value added to the feedstock, an increased number of rural manufacturing jobs, an increased income taxes, investments in plant and equipment, reduced greenhouse gas emissions, reduced a country’s reliance on crude oil imports and supported agriculture by providing a new labour and market opportunities for domestic crops.
Table 1.Cost comparison of different feedstock
	Feedstock
	Country
	Yield hectare (Kg)
	Rate/barrel (US $)

	Soybean oil
	USA
	375
	73

	Rapeseed oil
	Europe
	1000
	78

	Jatropha oil
	India
	3000
	43

	Palm oil
	Malaysia
	5000
	46


In the recent years, the importance of non-food crops increased significantly. The opportunity to grow non-food crops under the compulsory set-aside scheme is an option to increase the biofuel production
2. Literature review
The idea of using vegetable oils as fuel for diesel engines is not new. Rudolf Diesel used peanut oil as fuel in one of his engines at the Peris Exposition of 1900 [20]. However, a series of problems (e.g. engine knocking, carbon deposits, excessive engine wear) proved that the direct use of vegetable oil is not a satisfactory solution, as the engine must be modified according to the conditions of use and type of the oil. These problems can be alleviated by modifying the oil through transesterification, as the resulting product has very similar characteristics to diesel fuel and can be used in all type of diesel engines [21]. The most common sources of oil for biodiesel production in the United States are soybean oil and yellow grease. In Indian context, the bulk of efforts have been directed toward obtaining biodiesel by chemical transesterification of jatropha oil [22], soybean oil [23], sunflower [24] cottonseed, rapeseed, and palm oil [25]. However, it is fact that alternative starting oils also need to be studied. Jatropha constitute one such potential source for biodiesel [22].    
2.1 Biodiesel Initiatives in India
India took initiatives on biofuels nearly a decade ago to reduce its dependence on oil imports and improve energy security. The country began a 5% ethanol blending pilot program in 2001 and formulated a National Mission on Biodiesel in 2003 to achieve 20% biodiesel blends by 2020–2021. Like many other countries around the world, India has endured setbacks in its biofuel program caused by supply shortages, sharp fluctuations in oil prices, and global concerns over food security. Its National Policy on Biofuels, adopted in December 2009, proposes a non-mandatory blending target of 20% for both biodiesel and ethanol by 2017 [26]. The following Figure 4 briefly shows the history of biodiesel initiatives in India and summarizes the National Policy on Biofuels. The formulation of the National Mission on Biodiesel in 2003 was the first step for developing biodiesel program in India. The program called for mandatory 20% biodiesel blending by 2011–2012, with jatropha curcas as the primary feedstock. Jatropha, a small shrub that grows on degraded land and produces non-edible oilseeds, can be used to manufacture biodiesel. Among the 400 non-edible oilseed crops found in India, jatropha was selected for the program because of its high oil content (40% by weight) and low gestation period (23 years) compared with other oilseed crops [27]. To meet the 20% blending target, the recommendation was to cultivate jatropha on 17.4 million hectares (ha) of underused and degraded lands.
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Fig. 4 Petrodiesel and Biodiesel demand and blending target (2020-21) in India 
The biodiesel program was to be implemented in two phases: a research and demonstration phase from 2003 to 2007 (Phase I) and an implementation phase from 2007 to 2012 (Phase II). The main goals of Phase I was to cultivate 400,000 ha of land, establish a research network of 42 public universities, and achieve a 5% blending target. Under Phase II, a 20% blending target would be achieved by 2020–2021. To support the program, the Ministry of Petroleum and Natural Gas ratified the National [27].
2.2 Present and future market of Biodiesel
The global biodiesel industry is among the fastest-growing markets in chemical industry has ever seen. World capacity, production, and consumption of biodiesel grew on average by 32% per year during 2000-2005, and the industry looks set for even faster growth rates – 115% per year for capacity, and 101% per year for demand – in the years to 2008 and beyond [28]. The market potential for biodiesel is defined by the size of the existing fossil diesel fuel market.

There is no major technical limitation on replacing fossil diesel with biodiesel. There is, however, a limitation on feedstock availability – vegetable fats and oils and animal fats – and this, in turn, depend on the availability of farm lands to grow the crops. The growth of biodiesel industry will be determined largely by government legislation and regulation. In general, governments use a variety of subsidies and tax breaks to stimulate demand growth [29]. Glycerin is the by-product of biodiesel production. Traditionally, biodiesel producers sell this raw glycerin to processors, or purify it on-site to make pharmaceutical-grade glycerin. With the biodiesel production boom, the glycerin market has become flooded with huge amounts of both crude and refined glycerin [29].
3. Sources of Biodiesel
Biodiesel is an eco-friendly, alternative diesel fuel prepared from domestic renewable resources i.e. edible, non-edible oils, fats and waste oils, that runs in diesel engines –car, buses, trucks, construction equipment, boats generators and oil home heating units. Edible and non-edible oils have become more attractive recently because of their environmental benefits and in fact, it is made from renewable resources. There are more than 350 oil bearing tree and crops identified, among which only Sunflower ,Soybean ,Cottonseed, Rapeseed, Peanut, Palm oil, etc. are edible oil and Jatropha curcas, Cottonseed oil, Mahua ,Karanja, Neem, Simarouba glauca, which are either surplus and or non-edible type, can be use for preparation of biodiesel [30, 31]. While non-edible oils are suitable crops, the long maturation phase and the lack of experience are major barriers for adoption. But annual crop like sorghum and castor, which are already being cultivated, and which can be used to produce biofuels are better options, and some alternative short duration multipurpose crop are also used for biodiesel production.
3.1 Jatropha plantation
Jatropha is one the options that come in everybody’s mind when biodiesel are discussed. India has more than 50 million hectare of wasteland, which could be utilized for cultivating plants. Jatropha Curcas, a shrub and toxic tree with smooth gray bark, belongs to the family Euphorbiaceae. It can grow all over the tropics as well as endures on poor soil and severe heat but the leaves drop in cold weather and arid conditions. The minimum average rainfall requirement is about 250 mm per year and it can grow well under average rainfall 900-1200 mm. The height of Jatropha is around 4 m. Within 1 year, Jatropha starts producing seeds but the maximum productivity is after 4 or 5 years. Its life span is over 20 years. 
Table 2. Fatty acid composition of Jatropha oil
	Fatty acid
	Molecular Formula
	Structure
	Composition (wt %)

	Myristic
	C14H28O2
	14:0
	0.5-1.4

	Palmitic
	C16H32O2
	16:0
	12-7.0

	Stearic
	C18H36O2
	18:0
	5.0-9.7

	Oleic
	C18H34O2
	18:1
	37-63

	Linoleic
	C18H32O2
	18:2
	19-41


The utilization of Jatropha is found in every part of the tree. The utilization of Jatropha products are for liquid fuel, biomass, fertilizer, glycerol, medicine and detoxified animal feed [32].Estimates of jatropha seed yield vary due to a lack of research data, the genetic diversity of the crop, the rang of environments in which it is grown and jatropha perennial life cycle. Seed yield under cultivation can range from 1,500 to 2,000 kg per hectare, corresponding to extractable oil yield of 540 to 680 litres per hectare. The fatty acid composition of jatropha oil has been reported in Table 2 [33]. The seed contains toxins, such as phorbol esters, curcin, typsin inhibitors, lectin and phytates, which render the seeds, oil and seed cake non-edible if not detoxified.
      Jatropha, the wonder plant produces seeds with oil content of around 34%. The jatropha oil can be used directly as liquid fuel in older diesel engines, in generators and pumps running at a constant speed or in newer engines with small modifications in the fuel system. The jatropha oil can also be mixed with petroleum diesel before use in the diesel engine, which combines the properties of the petroleum diesel with the lower environmental impact of the non-edible oil [34]. However, viscosity of jatropha oil is 20-25 time higher than the viscosity of petroleum diesel, which cause problems when using the unmodified oil or blends with high percentage of jatropha oil in an engine. Thus there is a need for modification of the oil to reduce viscosity and make it more suitable as an engine fuel 
3.2 Karanja (Pongania globra’s)

Karanja is a medium size tree is found almost throughout in India. Karanja tree is wonderful tree almost like Neem tree. The common name of the oil is karanja seed oil and botanical name (Pongania glabra’s) belongs to Leguminaceae family. Karanja is widely distributed in tropical Asia, and it is non-edible oil of India origin. It is found mainly in the Western Ghats in India, northern Australia, and Fiji and in some regions of eastern Asia. 
Table 3.Fatty acid composition of Karanja oil
	Fatty acid
	Molecular Formula
	Structure
	Composition (wt %)

	Palmitic
	C16H32O2
	16:0
	3.7-7.9

	Srearic
	C18H36O2
	18:0
	2.4-8.9

	Lignoceric
	C20H40O2
	24:0
	1.1-3.5

	Oleic
	C18H34O2
	18:1
	44.5-71.3

	Linoleic
	C18H32O2
	18:2
	10.8-18.3

	Dosocasnoic
	C22H44O2
	22:0
	4.45

	Tetracosonaic
	C24H48O2
	24:0
	1.09


The plant is also said to be highly tolerant to salinity and can be grown in various soil textures viz. stony, sandy, and clayey.  Karanja can grow in humid as well as subtropical environments with annual rainfall ranging between 500-2500 mm. This is one of the reasons for wide availability of this plant species. The tree bears green pods which after some 10 month change to a tan colour. The pods are flat to elliptic, 5-7 cm long and contain 1 or 2 kidney shaped brownish red kernels. The yield of kernels per tree is reported between 8 and 24 kg. The kernels are white and covered by a thin reddish skin. The composition of typical air dried kernels is: moisture 19 percent and protein 17.4%. The present production of karanja oil approximately is 200 million tons per year. The time needed by the tree to mature range from 4-7 years and depending on the size of the tree the yield of kernels per tree is between 8 and 24 kg. The oil content extracted by various authors ranges between 30 to 33% [35]. The oil is used by common people due to its low cost and easy availability. The fatty acid composition of karanja oil has been reported in Table 3 [33]. The total karanja tree has got excellent medicinal properties; karanja wood is commonly used as a fuel. Its wood is susceptible to insect attack, so wood is not considered as quality timber. But it may be used in agricultural instruments, tools and combs.
3.3 Castor (Ricinus communis)
Castor bean is belongs to Euphorbiaceae family, common to all the warm regions of world. It is a fast growing fibrous non wood plant native to eastern Africa, especially the Ethiopian area. Castor bean is grown as an annual in temperate zone and as a perennial in the tropics.  This crop is cultivated for its seeds, which contain up to 45% of fast drying natural oil rich in ricinoleic acid used mainly in medicine and industry. World annual production of castor is 1.1 million tons of seed and its yield around 0.7 tonne per year. The main producers are India, Brazil, and China. Castor bean is currently cultivated an about 700,000 hectares mostly in Gujarat and Andhra Pradesh under rain fed conditions.

Castor grows well under hot and humid tropical conditions and has growing period of 4 to 5 months. Castor is grown either as a pure crop in rotation with wheat, linseed etc. or is grown mixed with cotton, groundnut, arhar, green gram, jowar, bajra and cowpea. The average yield of seed per hectare and oil per hectare is 1250kg per hectare and 550 litres per hectare.  India is the world’s largest producers and exporter of castor oil [36]. Biodiesel obtained from castor oil has a lower cost compared to the ones obtained from other oils due to its solubility in alcohol transesterification occurs without heating [37]. The biodiesel produced from castor bean also satisfies the relevant quality standard without regard to viscosity and cold filter plugging points. Several studies investigated castor bean as alternative feedstock for the production of biodiesel and result supported that methyl ester (biodiesel) can be successfully used as a petroleum diesel. 

The comparative advantage of castor is that its growing period is much shorter than that of Jatropha and pongamia and there is considerably greater experience and awareness among farmers about its cultivation.  Being an annual crop it gives the farmers the ability to rotate or shift away easily depending on market conditions [36].  It can help to improve the living conditions of small farmers as well as supply environmentally friendly energy for multiple purposes.
3.4 SIMAROUBA GLAUCA (PARADISE TREE OR LAXMI TARU)

Simarouba Glauca belongs to Simaroubaceae Quasia family. It had also been known as Paradise tree  Laxmitaru and Acetuno. Laxmitaru, is a multipurpose tree that can grow under a wide range of hostile ecological conditions. Its origin is native to North America, now found in different regions of India. It was a medium sized tree generally attains a height about 20 meter and trunk diameter approximately 50-80 cm and life about 70 years. It could grow under a wide range of agro climatic condition like warm, humid and tropical regions. Its cultivation depends upon rainfall distribution (around 400 mm), water holding capacity of the soil and sub-soil moisture. It was suited for temperature range 10-40°C, pH of the soil should be 5.5-8. It produces bright green leaves 20-50 cm length, yellow flowers and oval elongated purple coloured fleshy fruits [38]. Laxmi taru seed contain about 40% kernel and kernels content 55-65 % oil. The amount of oil would be 1000-2000 kg/ha/year for a plant spacing of 5 m ×5 m. It was used for industrial purposes in the manufacture of soaps, detergents lubricants etc. The oil cake being rich in nitrogen (7.7 to 8.1 %), phosphorus (1.07 %) and potash (1.24 %) could be used as valuable organic manure [39]. Laxmitaru was rich source of fat having melting point of about 29°C.
Table 4.Fatty acid composition of Simarouba oil
	Fatty acid
	Molecular Formula
	Structure
	Composition (wt %)

	Stearic
	C18H36O2
	18:0
	27.3

	Oleic
	C18H34O2
	18:1
	54.6

	Palmitic
	C16H32O2
	16:0
	12.3

	Linoleic
	C18H32O2
	18:2
	2.3

	Arachidic
	C20H36O2
	20:2
	1.2

	Erucie
	C22H40O2
	22:2
	0.4

	Linolenic
	C24H48O2
	24:0
	0.2

	Heptadecanoic
	C17H30O2
	17:2
	0.1


The major green energy components and their source from laxmitaru (simarouba) were biodiesel from seed, ethanol from fruit pulps biogas from fruit pulp, oil cake, leaf litter and thermal power from leaf litters, shell, unwanted branch etc. The percentage composition of fatty acids present in laxmitaru (simarrouba) oil was determined by gas chromatographic (Chemito CERES 800 plus GC). Simarouba glacica oil consists of 96.11 % pure triglyceride esters. The fatty acid composition of laxmitaru (Simarouba Glauca) oil has been reported in Table 4 [31].
4. Biodiesel production

Tree born oil can be directly used in agricultural machinery without oil and engine modification. However, the quality of oil will be better and there will be less long term problems if it is first converted into biodiesel [40]. The test results of Tree born oil have shown that its properties meet the USA (ASTM D6751), Germany (DIN 51606), Indian (BIS) and European organization (EN 14214), and Australian fuel standard [41]. 
Fig.5 presents the unit process of biodiesel conversion in common batch of transesterification using methanol, sodium methoxide, hydrogen chloride and sodium hydroxide [42]. Efficiency of the process reaches 95% by weight of conversion rate








 




             
      




























Fig. 5 Process flowchart for biodiesel production from Tree born oils and by products
4.1 Tree born oil co-products as biomass

Co-products from TBOME (Tree born oil methyl esters) production can be converted into various useful forms. The study views those products as co-products which will be used for energy purposes. Per FU, the co-products obtained are wood, leaves, and coat having dry weight 4,000, 2,000 and 800 kg respectively from the process of plantation. Press cake, dry weight 91.5 kg, is obtained from the oil production process.
5. Result and Discussion
5.1 Characterization of Tree born oil biodiesel: 
Physical and chemical properties of biodiesel (TBOME) were determined by using standard test methods. These standard values were calculated and compared with USA (ASTM D6751), Germany (DIN 51606), Indian (BIS) and European organization (EN 14214). Kinematic viscosity, flash point, pour point, cloud point, saponification value, iodine value, and acid value etc. The experimental values of physical and chemical properties of biodiesel (TBOME) like kinematic viscosity, density, saponification value, iodine value and acid value given in Table 5.
Table 5. Comparison of fuel properties of TBOME (biodiesel) and Petro-diesel
	Properties
	Petro-diesel
	Biodiesel

	
	ASTM D0975
	ASTM D6751

	Density at 30°C (kg/m3 or g/gL)

Viscosity at 40°C

Specific gravity (kg/m3 or gm/mL)

Flash point °C

Pour point

Cloud point

Acid value (mg NaOH/g)

Iodine value

Saponification value (mg NaOH/g)

Ash content (%)

Water content (%)
	0.876

1.9-4.1

0.850

60-80

-35 to  -15 

-15 to 5

0.35

…

…

0.01

0.02
	0.875- 0.90

1.9-6.0

0.88

100-170

-15 to 16

-3 to 12

<0.8

….

…

<0.02

0.03


5.2 Economical scenario of Biodiesel
The whole business idea is about how make use of biodiesel fuel with gasoline so that we can provide cheaper, greener and cleaner fuel. The biodiesel industry is yet to be matured and hence is a great opening towards a new era of eco-friendly fuel within the domestic boundaries of the country. The product is still in its introduction stage and hence there is a bright future for it. Thus, proper infrastructure is needed for the development of this market. A ‘Tree born oil extraction plant’ is to be set up using the sophisticated technology available for meeting the future demand. In an attempt to revive India’s biodiesel industry, country’s Ministry of New and Renewable Energy (MNRE) and Confederation of Indian Industry (CII) have recommended price increase for biodiesel from Tree born oil [43]. 
According to a study done by the ministry along with Confederation of Indian Industry , price of biodiesel from Tree born oil needs to be raised to Rs 36/litre from the present Rs 26.50/litre to make it sustainable and for suitable growth of the Indian biodiesel industry [44]. The study estimates that if the blending initiative of 20% Tree born oil based biodiesel are achieved in year 2020-21, India will save around Rs. 3000 crore and will generate revenue of around Rs.5500 crore in rural economy with an opportunity of investment to the extent of Rs.1700 crore on an annual basis. This initiative would also help in reduction of greenhouse gas emission by 3 million metric tonnes (MMT) on an around basis [45].
5.3 Economical analysis of biodiesel
Cost vulnerability of petroleum imports is a serious issue for the policy makers as drastic fluctuations in prices of crude oil in international market during last two and a half years has drawn serious attention on a nation’s energy needs by using all possible sources.  Availability of sufficient quantity of Tree born oil biodiesel for blending with petro-diesel at an affordable price holds the key to successful adoption of bioenergy program in India. One of most important aspect to ensure timely implantation of National Biofuels policy to be implemented by 2020-21 is the economic parity of Tree born oil biodiesel with petro-diesel. Table 6 below indicates that likely sales cost of Tree born oil biodiesel in India may be around Rs 30-32 per liter. The variation in the cost may depend upon the procurement cost of Tree born oil seeds.

Table 6. Tentative cost of biodiesel production in Indian rupee
	Cost component
	Rate (Rs/Kg)
	Quantity (Kg)
	Cost (Rs)

	Seed
Cost of collection and oil extraction
Less cake produced

Transesterification cost

Less cost of glycerol produced

Cost of biodiesel per kg

Declared goods tax@4%

Total cost per kg

Cost of biodiesel per liter (specific gravity of 0.85)
	10
2.36
1

6.67

50
	3.28
1.05
2.23

1

0.095
	32.8
2.48
-2.23

6.67

-4.75

34.97

1.39

36.37

30.91


5.4 Tree born oil marketing mix model in Indian scenario
5.4.1 Tree born oil
The plant that is generally cultivated for the purpose of extracting Tree born oil is Tree born oil seed. The seeds are the primary source from which the oil is extracted. Owing to the toxicity of Tree born oil seeds, they are not used by humans. The major goal of Tree born oil seed cultivation, therefore, is performed for the sake of extracting Tree born oil seeds. The oil content is 25-30% in the seed. The oil contains 21% saturated fatty acids and 79% unsaturated fatty acid. These are some of the chemical elements in the seed, cursin, which is poisonous and render the oil not appropriate for human consumption. Marketing mix of Tree born oil production shown in figure 6.
	Product

· Tree born oil 
· Press cake

· Biogas

· Soap

· Glycerol

· Medicinal product





	Price

· TBO oil Rs. 32,320/ton

· Press cake Rs. 8,280/ton

· Soap Rs. 17/piece

· Glycerol rs.32,320/ton

	Place

· TBO/ seeds suppliers

· Oil and gas stations to reach more domestic customers

· Press cake farms

· Small and large scale industries

· Raw material for bigger multi nationals

· Super markets, 

· Glycerol- village markets, cottage industries and cement plants
	 Promotion

· Advertisement

· T-shirt quotations

· Campaigns

· Seminars to spread awareness

· Road shows


Fig. 6 Marketing mix of Tree born oil production.
5.4.2 Press cake
This is a by-product of Tree born oil which is generally used as an animal feed. The other uses of this by-product are as a fertilizer, as a source for biogas and can replace the usage of firewood. India has been using biogas plants since ages. These plants are run through the cow dung. But the press cake generate biogas much faster than the conventional cow dung, its carbon: nitrogen (C:N) composition. This gives a new business opportunity which is capable of generating electricity and employment. By becoming energy efficient in the field of electricity many villages can get a constant and cheaper supply of electricity. Also its effluent slurry provides good organic manure with rich manorial properties. The lab studies reveals that a combination of 75% cattle dung and 25% Tree born oil cake gives best result [46]. 

5.4.3 Soap

Tree born oil has anti-microbial properties and if used as soap is proven to be more active to get rid of the S. aureus and E.coli than any other plant-oil based soap. Adding other ingredients such as essential oil, gives relaxing sensation, and heals some skin problems such as acne, eczema related to fungi and other, making the soap a healthy natural choice to use. This gives another business opening for rang of new soaps for any company. Just like Karnja, jojoba, jatropha, Castor, laxmi taru, etc soaps can grab a new share of market [32].
5.4.4 Glycerol
Glycerin is the by-product of biodiesel production. Traditionally, biodiesel producers sell this raw glycerin to processors, or purify it on-site to make pharmaceutical-grade glycerin. Purified glycerol can be used cement grinding aid which gives finer cement. This gives a better quality cement at cheaper processing charge [40]. With the biodiesel production boom, the glycerin market has become flooded with huge amounts of both crude and re fined glycerin. The traditional supply/demand pattern for glycerin has moved into a period of severe imbalance.
5.4.5 Medicinal Product
Tree born oil seeds has been also used as a traditional folk medicine in many countries. Tree born oil seeds are a source of several secondary metabolites of medicinal importance. The leaf, fruits, latex and bark contain glycosides, tannins phytosterols, flavonoids and steroidal sapogenins that exhibit wide ranging medicinal properties. Commercial exploitation for biopharmaceuticals is one of the prospective future potential of this plant [41].
5.4.6 Logistics and business analysis
India’s major expense is towards importing crude oil which is leading to budgetary deficits. The major competitor to the biodiesel market is the petro-diesel market. Though it is subject to excise and taxes, it is till date the most conventional source of fuels in the market. Thus, the major problem is to make biodiesel readily available to the public just like any other form of fuel. The positioning of biodiesel in the Indian market should be such that it provides benefit to the country both environmentally and economically [44].
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Fig. 7 Supply chain of biodiesel

Biodiesel producers and users are inextricably tied to the petroleum industry. Biodiesel fuel is mixed with petroleum derived “petro”-diesel, marketed through the conventional petroleum marketing system, and used in engines designed to operate on petro-diesel. The biodiesel blends, whether B2 to B5 (2 % to 5% biodiesel in 98% to 95% petro-diesel), B20 or B100, are subject to the same engine performance and emissions expectations as petro-diesel. The fact that the original compression ignition (diesel) engines were designed to operate on peanut oil is historically interesting, but the reality of today’s liquid fuel business is that as biodiesel producers, we are competing in a petroleum dominated market shown in figure 7.
5.4.7 Global market scenario

A new research predicts the global bio fuels market would double over the next decade, from $82.7 billion in 2011 to $185.3 billion in 2021. Although growth is expected to climb steadily through 2016, more robust growth is expected between 2017 and 2021, as a combination of higher oil prices, emerging mandate obligations, availability of new feedstocks, and the scaling up of advanced technologies drive increased investment in the industry [47].The international market for biodiesel is booming: Despite severe protests by environmental organisations, the European Commission has stipulated for agrofuel (more frequently referred to as biofuel) blends to be increased to 10 % by 2020. India even aim for 20 % by 2017 and Japan for 20 % by 2030. The global production of diesel based on plants is estimated to reach 30 billion litres in 2010, which is three times the amount produced today.1 Such rapid growth does not allow us much time to discuss the pros and cons of agrofuel cultivation.

Biodiesel is a variety of ester-based oxygenated fuels derived from natural, renewable biological sources such as vegetable oils. Its name indicates, use of this fuel in diesel engine alternate to diesel fuel. Biodiesel operates in compression ignition engines like petroleum diesel thereby requiring no essential engine modifications. Moreover it can maintain the payload capacity and range of conventional diesel. Biodiesel fuel can be made from new or used vegetable oils and animal fats. Unlike fossil diesel, pure biodiesel is biodegradable, nontoxic and essentially free of sulphur and aromatics. 
6. Conclusion

Biodiesel is renewable energy and can help to improve future energy security and economic development of India. As per the study we can see that the market prospects for getting Tree born oil business in the main stream for making it beneficial for the current Indian Economy. This marketing model provides various pathways as to how go about making the Biodiesel the fuel of the future. Thus, if this bio-tech research goes hand in hand with the management and business openings in India, India could take another step towards being the economic super-power. Scientific research should therefore be directed towards development of a wide variety of crops and technologies that are suited to the diverse socio-economic and environmental conditions to in rural development.
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