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V B SRINIVAS

ABSTRACT

Sustainable development of our natural resources in this technological galloping era goes hand in hand with the issues like cleaner environment, plantation of oil providing trees etc.  

Considering the petroleum crises, rapidly increasing prices, uncertainties concerning petroleum fuels availability and environment and type of land required for the growth of Biodiesel plants available with India, fuel from renewable products like edible/non-edible oil cannot be ignored.

Biodiesel have the distinct advantages of being renewable, biodegradable, & eco-friendly fuel. During the recent years, in the field of alternative fuels especially in the area of Biodiesel, research has been extensively carried out and different samples of Biodiesel have been prepared considering the scope, availability and economics of various edible and non-edible oils. Biodiesel from Mahua, Linseed, Rice Bran, waste cooking oil, Crude Palm, Castor, Jatropha & Karanja have already been prepared and successfully tested in diesel engines & vehicles.

Small capacity of reactors of 5 & 10 liters biodiesel were designed and developed also for experimental purpose. 
As per Ministery of Rural Development, the National Mission on Bio-diesel is proposed to be implemented in two phases. The first phase will involve a demonstration stage for plantation of jatropha on four lakh hectares, and associated research activities for establishing the commercial viability of the fuel. Phase two will involve self-sustaining expansion of the bio-diesel programme. The overall objective of the national mission is to promote the creation of national infrastructure for production of bio-diesel through cultivation of jatropha plant and processing of its oil

It is a high time to design and produce economical Biodiesel reactor which are easy to operate and safe to use for Rural application also. The present study is a bead in the garland of projects progressing in this area of Design of 100 Kg reactor for Production of Biodiesel. 
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CHAPTER-1

INTRODUCTION

The description of a clear blue sky especially in the big India metropolis seems to be relegated to the history books now. The overview has suffered the onslaught of the heavily polluting particles both from the transport vehicles and the industries. That is not all; the nation has to meet a heavy oil import fuel bill year after year. 

Further diesel constitutes 50 % of oil consumption chiefly for transportation and other purposes, emissions from automobile engines using diesel is a major source of air pollution.

The expanding socio-economic burden of public transportation unfolds a genuine realisation for pressing into service the eco-friendly fuel substitutes. Along this direction, several initiative shave already been advocated.

The answer seems to lie in a transition to a clean Bio-diesel blend fuel economy. Bio-diesel contains no petroleum, but it can be blended at any level with petroleum diesel to create a Bio-diesel blend or can be used in its pure form. Just like petroleum diesel, Bio-diesel operates in compression engine; which essentially require very little or no engine modifications because Bio-diesel has properties similar to petroleum diesel fuels. It can be stored just like the petroleum diesel fuel and hence does not require separate infrastructure. The use of Bio-diesel in conventional diesel engines results in substantial reduction of un-brunt hydrocarbons, carbon monoxide and particular matters. Bio-diesel is considered clean fuel since 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 ignition quality even when blended in the petroleum diesel. 
1.1

Energy Security 

Energy Security is driven by the demand and supply behaviour. India ranks sixth in the world in terms of energy demand accounting for 3.5% of world commercial energy demand in 2001. Although India ranks sixth in total energy consumption in the world (294 MTOE [million tones of oil equivalent]), this is only 12% of the energy consumed by the largest consumer, i.e. USA (2278 MTOE). In per capita terms, its consumption is only about 20% of the global average [7]. With India targeting ambitious growth rates of seven to eight per cent over the next two decades, its per capita energy consumption must necessarily rise in the future and for that the availability of energy pose a big hurdle. 

Rapid Industrialization and Globalization have pushed the demand of energy to new heights. The energy demand is expected to grow at 4.8%.  In the year 2011, India will have a total population of about 1.2 billion people of which 68% will be living in rural areas[7].

 The growth in energy demand in all forms is expected to continue unabated owing to increasing urbanization, standard of living and expanding population with stabilization not before mid of the current century. Our crude oil production as per the Tenth Plan Working Group is estimated to hover around 33-34 million metric tons per annum even though there will be increase in gas production [5].  

 
Since diesel constitutes 37 % of oil consumption chiefly for transportation and other purposes, its demand is integrally related to economic growth and is seen as a growth inducing factor. The stress of the over-burdening population will augment the strain in terms of the volume of fuel required, but the picture of proven oil reserves distribution doesn’t reflect the pleasant sight at all. The share with respect to the energy distribution of the remaining oil reserves across the world is shown in figure 1.1 [6]
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Figure 1.1 Distribution of Proven Oil Reserves

From the above it can be observed, that bulk of the reserves are with Middle East. The condition of the Asia Pacific countries presents a dismal trend. Presently, only 4% of the total share is in their buckets. Therefore it is apparent that the Asian countries are either have to change their fuel strategy or live with the escalating burdens of oil imports [6] or  with joint venture abroad there is a hope to meet the oil requirement .

At present India imports about 70 % of its crude oil. Net imports of crude oil has increased from 34 MMT in 1996-97 to 78.7 MMT in 2001-02. India pays more thatn $ 12 Billions per years for importing crude oil and other petroleum products. These imports comprised about 20 % of the total value of Indian imports in 2001-02. 

Table 1.1 Import of Crude Oil and Petroleum Products [7]

	Year 
	Crude Oil
	Petroleum Products
	Total Imports

	
	Qty MMT
	Value 
Rs Crs
	Qty MMT
	Value 
Rs Crs 
	Qty MMT
	Value 
Rs Crs

	1996-97
	33.91
	18538
	20.26
	15633
	54.17
	34171

	1997-98
	34.49
	15897
	19.53
	12431
	54.02
	28329

	1999-99
	39.81
	14876
	18.78
	9836
	58.59
	24712

	1999-00
	57.80
	30695
	16.60
	14186
	74.41
	44881

	2000-01
	74.10
	65932
	9.30
	12093
	83.40
	78025

	2001-02
	78.70
	60397
	7.00
	7249
	86.70
	676.46


Dependence on imports of oils is a subject of serious concern. The World Energy Out Look, Published by the International Energy Agency, India’s dependence on oil import would grow to 91.6 % by the year 2020.

While India has invested considerable resources in this sector, the crude oil production has stagnated around 32-33 million metric tonnes per year over thy past decade. The majority of India's roughly 5.4 thousand million barrels in oil reserves are located in the Bombay High, Upper Assam, Cambay, Krishna-Godavari, and Cauvery basins. India's average oil production level for 2002 was 793,000 barrels per day. But the consumption continues to outstrip production [7]. 

Over the years, the domestic availability of the crude oil has not kept pace with the demand. The following table is the reflection of the trends between demand and supply in the preceding years.
 Table 1.2 Consumption and Domestic Availability of Crude Oil.  [7]

	Year
	Domestic Production 
	Consumption 
	Self Reliance

	
	MMT
	MMT
	%

	1996-97
	32.90
	79.17
	40

	1997-98
	33.95
	85.49
	37

	1999-99
	32.72
	90.80
	36

	1999-00
	31.97
	101.10
	32

	2000-01
	32.43
	102.50
	31

	2001-02
	32.03
	107.27
	30


Table 1.3 Recoverable Crude Oil and Natural Oil reserves [7]
	Reserves (Balance Recoverable)
	97-98
	98-99
	99-00
	00-01
	01-02

	Crude Oil (MMT)
	747
	716
	660
	703
	732

	Natural gas (BCM)
	692
	675
	648
	760
	763


Know crude Oil reserves are expected to last only for the next 21 years at the current rate of Production. More significantly, they can meet the needs of domestic consumption of Petroleum Products for less  than six years. Our dependence on import of oil will increase in the foreseeable future.
Transport sector remains the most problem sector as no alternative to petroleum based fuel has been successful so far.  Hence petroleum based fuels especially petroleum diesel  will continue to dominate the transport sector in the foreseeable future but its consumption can be minimized by implementation of Alternate Fuel program expeditiously.  

A large part of India’s population, in the rural areas, will not have access to it. A program for the development of energy from raw material which grows in the rural areas will go a long way in providing energy security to the rural people[5].
In addition to the above, India is facing a drastic challenge after signing the Kyoto Protocol, which stresses on the cleaner environment. Further, with the dramatic growth in the number and the rate of use of road vehicles in recent years, the demand of the conventional energy supplies and the environmental degradations resulting from road transport can no longer be ignored. The trend is same in all the corners of the globe [8], enforcement of stricter emission norms has become a national priority.  Though the Kyoto Protocol magnifies the arena of having a safe pollution environment, it is needless to reiterate the fact that sustainable development of our natural resources in the technologically galloping era goes hand in hand with the former.
1.2
Compliance of Emission Norms

New vehicles  2 and 3 wheelers should confirm to Bharat Stage II norms from 1.4.2005 all over the country and Bharat Stage III norms preferably from 1.4.2008 but not later than 2010. For new vehicles, a drastic reduction in sulphur content (<350ppm) and higher cetane number (>51) will be required in the petroleum diesel produced by Indian Refineries. Bio-diesel meets these two important specifications and would help in improving the lubricity of low sulphur diesel. The present specification of flash point for petroleum diesel is 350 C which is lower than all the countries in the world (>550C). Bio-diesel will help in raising the flash point, a requirement of safety. 

B20 (a blend of 20 percent by volume Bio-diesel with 80 percent by volume petroleum diesel) has demonstrated significant environmental benefits in US with a minimal increase in cost for fleet operations and other consumers. Bio-diesel is registered as a fuel and fuel additive with the US Environment Protection Agency and meets clean diesel standards established by the California Air Resources Board. Neat (100 percent) Bio-diesel has been designated as an alternative fuel by the Department of Energy and Department of Transportation of US. 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 by using De-NOx catalyst (De-NOx catalyst will be necessary for Bharat-III / IV complaint engines). HC and CO emission were also reports to be lower. Non-regulated emissions like PAH etc were also found to be lower. Bio-diesel has been accepted as clean alternative fuel by other countries like Germany, France, USA etc..

Indian & European Vehicle Emission Norms [20]

	Emissions
	Euro-I (1993) India 2000
	Euro-II 

Bharat Stage-II
	Euro-III 

Bharat Stage-III 
	Euro-IV

	CO (g/km)
	2.72
	1.0
	0.64
	0.50

	HC+Nox(g/km)
	0.97
	0.7
	0.56
	0.3

	PM(g/km)
	0.14
	0.08
	0.05
	0.025



 Indian & European Vehicle Emission Norms Diesel Heavy Duty vehicles [20]

	Emissions
	Euro-I (1993) India 2000
	Euro-II 

Bharat Stage-II
	Euro-III 

Bharat Stage-III 
	Euro-IV

	CO (g/kWh)
	4.5
	4
	2.1
	1.5

	HC (g/kWh)
	1.1
	1.1
	0.66
	0.02

	PM (g/kWh)
	0.36
	0.15
	0.10
	0.025

	Nox (g/kWh)
	8.0
	7.0
	5.0
	3.5


Comparison of Indian & European Diesel specifications [20]

	Characteristics
	India-2000
	Bharat Stage-II
	Bharat Stage-III
	Euro-III 1993
	Euro-III 2000
	Euro-IV 2005

	Cetane No. min
	48
	48
	51
	49
	51
	 

	Cetane Index, min
	 
	46
	46
	46
	46
	 

	Sulphur, ppm
	2500
	500
	350
	500
	350
	50

	PAH, wt%, max
	 
	 
	11
	11
	 
	 

	Viscocity @40oC
	2 – 5
	2 -5
	2 - 2.5
	2 - 4.5
	2 - 4.5
	 

	Density, kg/m3, max
	860
	860
	845
	860
	845
	 

	T85, oC 
	350
	350
	 
	350
	 
	 

	T95, oC
	370
	370
	360
	370
	360
	 


Use of bio-fuels and their effect on greenhouse gas (GHG) emissions to atmosphere is well updated in a Concave report. Studies are conducted on the effects with ethanol and Rapeseed Methyl Ester (RME). As per Concave report, CO2 emitted during combustion of the bio-fuel does not enter into the balance, because it was absorbed from the atmosphere by the growing crop.

1.3
Biofuel as an Alternative Fuel

Selection of suitable renewable source of energy in place of petroleum fuels depends upon social, political, ecological, economical and technical factors. Ever since the first energy crisis took place in 1973, various fuels have been tried to run IC engines. Exhaustive studies on the basis of performance, emission and combustion have established the feasibility of using a variety of alternative fuels to substitute the extinguishing fossils. The fuels such as CNG, LNG, Propane, Hydrogen, Alcohols, Biogas, Producer gas, DME and derivatives of vegetable oils are receiving more & more attention  [12]. But as far as India is concerned because of its vast agro-forestry base, fuels of bio-origin can be considered to be ideal alternative renewable fuels to run the internal combustion engines. The bio-origin fuels could be Biogas, Biomass, Producer gas and derivatives of Vegetable Oils, which can be modified to bring their properties comparable to fossil fuels. The bio-origin fuels can play a dual role in greenhouse gas mitigation related to the objectives of the Kyoto protocol and other climate change initiatives. It can act as a source of sustainable energy to substitute fossil fuels and as a carbon store. Modern bio-energy options offer significant, cost-effective and perpetual opportunities toward meeting emission reduction targets while providing additional ancillary benefits arising from the wide occurrence of biomass materials. These include social benefits of employment in the growing, harvest and processing of biomass resources.

1.4
Benefits of Biofuels

1. Biofuels for the environment

The transportation sector of our country is a major contributor to a number of environmental problems, primarily because of our dependence on fossil fuels. From their extraction through their use in automobiles, many steps of the process either are or can be detrimental to our environment. Producing and using biofuels for transportation offers alternatives to fossil fuels that can help provide solutions to many environmental problems.

2. Biofuels and Global Climate Change

The transportation sector is responsible for one-third of our country's carbon dioxide (CO2) emissions. CO2 is considered to be a greenhouse gas, the buildup of which may lead to global climate change. These emissions result from burning nonrenewable fossil fuels, which releases their carbon content into the atmosphere as CO2. Producing and using biofuels for transportation can help reduce CO2 buildup significantly. By displacing the use of fossil fuels, the emissions resulting from fossil fuels use are avoided, and the CO2 content of fossil fuels is allowed to remain in storage. Further reductions occur because the plants and trees that serve as feedstock for biofuels require CO2 to grow, and they absorb what they need from the atmosphere.

3. Biofuels and Air Quality

Over the past two decades, our nation has made great strides in improving air quality in our most polluted urban areas. Biofuels such as ethanol have been tested successfully as an oxygenate additive in gasoline to reduce emissions from older, high-polluting vehicles. In the future, as biofuels come to the forefront as replacements for petroleum based fuels, we anticipate further improvements in air quality; whether these fuels are used in conventional internal combustion engines or in new, clean vehicle technologies such as fuel cells.

4. Biofuels and Water Quality

Water pollution associated with petroleum products includes marine oil spills, groundwater contamination from underground gasoline storage tanks, and runoff resulting from fuel spills. Biofuels can replace the most toxic parts of gasoline with fuels that quickly biodegrade in water, reducing the threat that gasoline poses to waterways and groundwater. Spills or leaks of biofuels do not constitute an environmental hazard.

1.5
Different Types Of Oils

1.5.1
Vegetable Oil

Vegetable oils come in different thickness from solid vegetable lard to very light linseed oil. There can be a difference between oils from different varities of the same plant and the processing of the oil will affect the form.  

1.5.2
Animal Fats

Animal fats are often solid at ambient temperatures (hence a fat).  All forms of animal fat tallow and oil can potentially be used as a fuel.
1.5.3
Waste Oils

Waste oils that have been used for cooking can be utilised as a fuel.  Used oil often becomes thicker due to hydrogenation and will contain vegetable or animal fats from the foodstuffs, which it has been used for cooking.  It does have the advantage of being a readily available waste product. Thorough cleaning is necessary to remove food particles or other contaminates that would quickly block fuel filters or damage the engine fuel system.  The injector pump is an expensive fuel system component, which is particularly susceptible to damage from the ware of small particles due to its fine construction and tolerances. Contamination and quality of waste oil varies considerably. Some caterers will change their oil regularly; other oil may be reused for some time, becoming thick due to increased hydrogenation and contamination of the oil. All types of contaminates can be present in waste oils.

1.5.4
Waste Vegetable Oil (WVO)

These waste oils have traditionally been used as a component of animal feeds although this is falling out of favour due to concerns of contamination with animal products and the possibility of spreading infections.   Oil recycles either charge to take oil away or provide fresh supplies at an inflated price to cover costs.  The cost of disposal means that much cooking oil is disposed of down drains where it causes problems with blockages when it solidifies on cooling.  Large amounts of oil also end up in and fill sites.

CHAPTER-2

VEGETABLE OILS

2.1
Introduction

The use of vegetable oils in diesel engines is nearly as old as the diesel engine itself. The inventor of the diesel engine, Rudolf Diesel, reportedly used groundnut (peanut) oil as a fuel for demonstration purposes in 1900. Some other work was carried out on the use of vegetable oils in diesel engines in the 1930's and 1940's. The fuel and energy crises of the late 1970's and early 1980's as well as accompanying concerns about the depletion of the world's non-renewable resources provided the incentives to seek alternatives to conventional, petroleum-based fuels. In this context, vegetable oils as fuel for diesel engines were remembered. They now occupy a prominent position in the development of alternative fuels. Hundreds of scientific articles and various other reports from around the world dealing with vegetable oil-based alternative diesel fuels have appeared in print. They have advanced from being purely experimental fuels to initial stages of commercialization. Nevertheless, various technical and economic aspects require further improvement of these fuels. Numerous different vegetable oils have been tested as biodiesel. Often the vegetable oils investigated for their suitability as fuel are those, which occur abundantly in the country of testing. For example, Soya bean oil in the United States, rapeseed and sunflower oils in Europe, palm oil in Southeast Asia (mainly Malaysia and Indonesia), and coconut oil in The Philippines are being considered as substitutes for diesel fuels. This indicates that the use of vegetable oils as the source of diesel fuels in India requires additional steps to increase the production of oilseeds. It is also necessary to develop new and more productive plant sources whose seeds have high oil content [14].
2.1.2
Global Vegetable Oil Production

Vegetable oil as alternative diesel engine fuels have received modest interests for several decades, however economic factors have favoured the use of petroleum based fuels. At present the uncertainties concerning adequate, stable supplies of petroleum fuel have renewed the interests in vegetable oils as diesel engine fuels [15]. Many developed countries have taken initiatives in producing various vegetable oils, depending upon the climatic conditions prevailing. Countries like U.S.A, Brazil etc to an extent have focused their attention on the production and utilization of edible oils as is clear from the following table, which presents the global scenario in vegetable oil production.
Global Production of Major Vegetable Oils (2001) [9]

	Oil
	Production (million tonnes)

	Soybean
	27.8

	Rapeseed
	13.7

	Cottonseed
	4.0

	Sunflower
	8.2

	Peanut
	5.1

	Coconut
	3.5

	Linseed
	0.6

	Palm
	23.4

	Palm kernel
	2.9

	Olive
	2.7

	Corn
	2.0

	Castor
	0.5

	Seasame
	0.8

	Total
	95.2


2.1.3
Overview of Indian Vegetable Oil Economy: 

Indian vegetable oil economy is world’s fourth largest after USA, China and Brazil. Oilseed cultivation is undertaken across the country in two seasons, in about 26 million hectares; mainly marginal lands, dependent on monsoon rains (unirrigated) and with low levels of input usage. Yields are rather low at less than one ton per hectare. Three oilseeds - Groundnut, Soybean and Rapeseed/ Mustard - together account for over 80 per cent of aggregate cultivated oilseeds output. Cottonseed, Copra and other oil-bearing material too contribute to domestic vegetable oil pool. 

Currently, India accounts for 7.4% of world oilseeds output; 6.1% of world oil meal production; 5.3% of world oil meal export; 5.5% of world vegetable oil production; 13.9% of world vegetable oil import; and 10.3% of the world edible oil consumption. Indian vegetable oil industry comprises over 15,000 oil mills, 600 solvent extraction units, 400 refining units and 230 Vanaspati (hydrogenated oil) units, employing directly and indirectly over one million people across the country. 

Indian oilseed based sector accounts for domestic turnover of Rs.60, 000 crores (US$ 12.5 billion) while export-import trade is worth Rs.11, 500 crores (US$ 2.5 billion) per annum. With steady growth in population and personal income, Indian per Capita consumption of edible oil has been growing steadily. However, oilseeds output and in turn vegetable oil production have been trailing consumption growth, necessitating imports to meet supply shortfall [16]. 
 Vegetable oil production in India (2001) [9]

	Oil
	Production (million tonnes)

	Groundnut 
	1.40

	Soya 
	0.82

	Rape / Mustard 
	1.55

	Sunflower 
	0.30

	Sesame 
	0.26

	Castor 
	0.25

	Niger 
	0.03

	Safflower 
	0.09

	Linseed 
	0.10

	Cottonseed 
	0.44

	Coconut 
	0.55

	Rice Bran 
	0.55

	Oils from expelled cakes
	0.28

	Minor oilseeds 
	0.05

	Total 
	6.67


2.1.4
Composition of Vegetable Oils

The basic constituent of vegetable oils is triglyceride. Figure given below shows a typical triglyceride molecule. Vegetable oils comprise 90 to 98% triglycerides and small amounts of mono- and diglycerides. A triglyceride is a compound, in which one molecule glycerin- a trivalent alcohol is estered with three fatty acid molecules[17].  
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 Structure Of Triglyceride Molecule [18]

These contain substantial amounts of oxygen in its structure. Fatty acids vary in their carbon chain length and in the number of double bonds. The variations in these properties make them wide separate from Diesel fuel. The heat capacity of triglycerides increase with increasing the molecular weight. Heat capacity of such compounds also increases slightly with increasing temperature [19]. Combination of number of fatty acids constitutes a vegetable oil molecule. The table given below describes the Structure and Chemical formula of various fatty acids. 

Chemical structure. of Common Fatty Acids [18]
	Fatty acids
	Systematic name.
	Structure
	Formula

	Lauric
	Dodecanoic
	12:0
	C12H24OH

	Myristic
	Tetradecanoic
	14:0
	C14H28OH

	Palmitic
	Hexadecanoic
	16:0
	C16H32OH

	Stearic
	Octadecanoic
	18:0
	C18H36OH

	Arachidic
	Eicosanoic
	20:0
	C20H40OH

	Behenic
	Docosanoic
	22:0
	C22H44OH

	Lignoceric
	Tetracosanoic
	24:0
	C24H48OH

	Oleic
	cis-9-Octadecenoic
	18:0
	C18H34OH

	Linoleic
	cis-9,cis-12- Octadecadienoic
	18:0
	C18H32OH

	Linolenic
	cis-9,cis-12,cis-15- Octadecatrienoic
	18:0
	C18H30OH

	Erucic
	cis-13-Docosenoir
	22:0
	C22H42OH


The fatty acids, which are commonly found in vegetable oils, are stearic, palmitic, oleic, linoleic and linolenic. Vegetable oils contain free fatty acids (generally 1 to 5%), phospholipids, phosphatides, carotenes, tocopherols, sulphur compounds and traces of water [18]. The fatty acid composition of some vegetable oils is given below.
 Chemical composition of vegetable oils [18]
	Vegetable oil
	Fatty acid composition wt%

	
	18:0
	16:0
	18:0
	20:0
	22:0
	24:0
	18:1
	22:1
	18:2
	18:3

	Cottenseed
	0
	28
	1
	0
	0
	0
	13
	0
	58
	0

	Crambe
	0
	2
	1
	2
	1
	1
	19
	59
	9
	7

	Linseed
	0
	5
	2
	0
	0
	0
	20
	0
	18
	55

	Peanut
	0
	11
	2
	1
	2
	1
	48
	0
	32
	1

	Rapeseed
	0
	3
	1
	0
	0
	0
	64
	0
	22
	8

	Safflower
	0
	9
	2
	0
	0
	0
	12
	0
	78
	0

	Sesame
	0
	13
	4
	0
	0
	0
	53
	0
	30
	0

	Soya bean
	0
	12
	3
	0
	0
	0
	23
	0
	55
	6

	Sunflower
	0
	6
	3
	0
	0
	0
	17
	0
	74
	0


Chemical Composition Of Vegetable Oils [18]
	Vegetable oil
	Fatty acid composition, wt%

	
	18:0
	20:0
	24:0
	18:1
	18:2

	Rice-bran
	1.7-2.5
	0.4-0.6
	0.4-0.9
	39.2-43.2
	26.4-35.1

	Sal
	34.2-44.8
	6.3-12.2
	-
	34.2-44.8
	2.7

	Mahua
	20.0-25.1
	0.0-3.3
	-
	41.0-51.0
	8.9-13.7

	Neem
	14.4-24.1
	0.8-3.4
	-
	49.1-61.9
	2.3-15.8

	Karanja
	2.4-8.9
	-
	1.1-3.5
	44.5-71.3
	10.8-18.3


2.1.5
Properties, which make Vegetable Oils as Viable Alternative Fuels

Fuel properties for the combustion analysis of vegetable oils can be grouped conveniently into physical, chemical, and thermal properties. Physical properties include viscosity, density, cloud point, pour point, boiling range, freezing point and refractive index. Chemical properties comprise chemical structure, acid value, saponification value, iodine value, peroxide value, hydroxyl value, acetyl value, overall heating value, ash and sulphur contents, sulphur and copper corrosions, water and sediment residium, oxidation resistance, ignitability and thermal degradation products. Thermal properties are distillation temperature, thermal degradation point, carbon residue, specific heating content, thermal conductivity, etc [2]. The table below presents the fuel related properties of fats and oils.

Properties of Various Vegetable Oils [22].

	Vegetable Oil
	Iodine

Value
	Cetane

Number
	Calorific Value

(KJ/Kg)
	Viscosity (mm2/s) (38oC)
	Cloud Point

(oC)
	Pour

Point (oC)
	Flash

Point (oC)

	Babassu
	10-18
	38
	-
	-
	-
	-
	-

	Castor
	82-88
	-
	39500
	297
	-
	-31.7
	260

	Coconut
	6-12
	-
	-
	-
	-
	-
	-

	Corn
	103-140
	37.6
	39500
	34.5
	-1.1
	-40.0
	277

	Cottonseed
	90-119
	41.8
	39486
	33.5
	1.7
	-15.0
	234

	Linseed
	168-204
	34.6
	39307
	27.2
	1.7
	-15.0
	241

	Palm
	35-61
	42
	-
	-
	-
	-
	-

	Peanut
	80-106
	41.8
	39782
	39.6
	12.8
	-6.7
	271

	Rapeseed
	94-120
	37.6
	39709
	37.0
	-3.9
	-31.7
	246

	Sesame
	104-120
	40.2
	39349
	35.5
	-3.9
	-12.2
	260

	Soybean
	117-143
	37.9
	39623
	32.6
	-3.9
	-12.2
	254

	Sunflower
	110-143
	37.1
	39575
	37.1
	7.2
	-15.0
	274


If the fuel shall be used in the existing engines, some requirements to the fuel properties such as kinematic viscosity, the self ignition temperature, the net heating value, the gross heating value, density etc are to be made so that when subjected to long term endurances, these oils must not yield, hence causing the engine damage [17]. Also materials and metals should be compatible with the type of the oil being used in the engine. The fuel system designer incorporates material into the system based on the historical data. Thus changes in the fuel composition and the introduction of alternative fuels often create many unforeseen problems in seals, gaskets, O-rings and metallic components in the fuel system [21]. 
2.2
 Advantages of Vegetable Oils as Engine Fuels [23]

Vegetable oils do have the potential to over tap diesel as the major energy source. Following are some of the advantages of using vegetable oil as I.C. engine in India:

(i)
Vegetable oil is produced domestically which helps to reduce costly petroleum imports;

(ii)
Development of the bio-diesel industry would strengthen the domestic, and particularly the rural, agricultural economy of agricultural based countries like India;

(iii)
It is biodegradable and non-toxic;

(iv)
It is a renewable fuel that can be made from agricultural crops and or other feedstocks that are considered as waste;

(v)
It has 80% heating value compared to that of diesel;

(vi) 
It contains low aromatics;

(vii)
It has a reasonable cetane number and hence possesses less knocking tendency;

(viii)
Low sulphur content and hence environment friendly;

(ix)
Enhanced lubricity, thereby no major modification is required in the engine;

(x)   
Personal safety is improved (flash point is 100 vC higher than that of diesel);

(xi)
It is usable within the existing petroleum diesel infrastructure (with minor or no  modification in the engine).

Challenges [23]

The major challenges that face the use of vegetable oil as I.C. engine fuels are listed below:

(i)
The price of vegetable oil is dependent on the feed stock price;

(ii)
Feed stock homogeneity, consistency and reliability are questionable;

(iii)
Homogeneity of the product depends on the supplier, feed stocks and production methods;

(iv)
Storage and handling is difficult (particularly stability in long term storage); 

(v)
Flash point in blends is unreliable;

(vi)
Compatibility with I.C. engine material needs to be studied further;

(vii)
Cold weather operation of the engine is not easy with vegetable oils;

(viii)
Acceptance by engine manufacturers is another major difficulty;

(ix)
Continuous availability of the vegetable oils needs to be assured before embarking on the major use of it in I.C. engines.

 (x) 
Efforts to be focused on responding to fuel system performance, material compatibility, petroleum additive compatibility and low fuel stability under long term storage;

(xi) 
Continued engine performance, emissions and durability testing in a variety of engine types and sizes need to be developed to increase consumer and manufacturer confidence;

(xiii) 
Environmental benefits offered by vegetable oil over diesel fuel needs to be popularized;

(xiv) 
Studies are needed to reduce the production cost, develop low cost feed stocks and identify potential markets in order to balance cost and availability;
2.3
Vegetable Oils vs. Diesel Fuel
Petroleum based diesel fuels have different chemical structure and physical properties from vegetable oils. The former contain only carbon and hydrogen atoms, which are arranged in normal or branched chain structures, as well as aromatic configurations. The normal structures are preferred for better ignition quality [24]. The structure of petroleum oil molecule and vegetable oil molecule is being shown below  [25] and the difference in the composition of various atoms can be easily viewed.
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Diesel Oil
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Vegetable Oil Molecule

Diesel fuel can contain both saturated and unsaturated hydrocarbons, but the latter are not present in large amounts to make the fuel oxidation a problem. The aromatics present are generally oxidation-resistant. On the other hand, in the case of vegetable oils, oxidation resistant is markedly affected by the fatty acid composition. The large size of vegetable oil molecules (typically three or more times larger than hydrocarbon fuel molecules) and the presence of oxygen in the molecules suggest that some fuel properties of vegetable oils would differ markedly from those of hydrocarbon fuel [26]. The general difference between the properties of the vegetable oils and diesel are shown in the figure [27] given below. The difference in the properties is presented in terms of percentage increase or decrease w.r.t Vegetable Oil.
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A Comparison of Different Properties of Vegetable Oils & Diesel

The following points explain the major differences between vegetable oils and diesel fuel:

1) 
Viscosities of the vegetable oils are significantly higher and densities are slightly higher.
2) 
Heating values of vegetable oils are about 10% lower (on mass basis).

3) 
The presence of molecular oxygen in vegetable oils raises the stoichiometric fuel/air ratio.

4) 
Vegetable oils could experience thermal cracking by the fuel spray in naturally aspirated engines [28].

5) 
The cetane number of vegetable oils is 32-40% lower than diesel, while the sulphur content is negligible in vegetable oils compared to 0.45% in diesel [27]
2.4
Problems Associated with the Usage of Vegetable Oils in Diesel Engines

The problems encountered during engine tests can be classified into two groups:
1.
Operational Problems - relate to starting ability, ignition, combustion and performance.

2.
Durability Problems - relate to deposit formation, carbonization of   injector tip, ring sticking and lube oil dilution or degradation.
2.4.1
Operational Problems

1) 
Fuel Filter Plugging: Crude vegetable oil when used for long   hours   chokes the fuel filter because of high viscosity of crude oil.  To   avoid this, the oil must be filtered and then re-filtered.  Within   3-12 hours the filter usually gets choked.

2) 
Cold Starting: Starting ability of engine gets impaired due to high   viscosity and low cetane number in certain cases [29].

3). 
Injector Coking: In long run tests carbon deposits build up in and   around the nozzle between 70-150 hours.  Carbon build up interferes   with the fuel flow and can ultimately stop it.  Post-injection   dribble increases and leads to less power, more black smoke and   reduced efficiency. Vinyard et al reported an extensive coking problem while using degummed sunflower oil. The oil produced unacceptable coking levels after only 50 hours of operation under part load even when diluted with up to 30% diesel fuel [30].  Other methods of reducing coking have been reported by Peterson et al. and Mora and Peterson where coking was reduced by proper choice of fatty acid and   use of propane fumigation and transesterification[31].

4) 
Carbon Deposition in Combustion Chamber: - Very hard carbon deposits of 3-4 mm thickness have been found in the vicinity of exhaust area. The proper choice of vegetable oil can reduce engine deposit problem   and somewhat extend engine life [32].

5) 
Piston Ring Sticking: - Top or fine ring sticks to the groove due to gum formation and this makes the other ring to suffer more. Injector coking and consequent poor atomization leads to the sticking of piston rings, heavy deposits in the engine and polymerization of lubricating oil [32].

6). 
Lubricating Oil Contamination: Lubricating oil has been found contaminated with reasonably high percentage of iron, zinc etc., along with nominal increase in viscosity after 100-200 hrs. Basically, the sticking rings are not able to seal enough and the vegetable oil fuel passes through the clearance into the crankcase and contaminates the lubrication oil [17]. This makes the oil galleries choked and the friction of crank bearing and   camshaft increases. Loss in piston cooling and much wear occurs. So it has to be regularly changed. This may result in piston seizure and thus engine breakdown beyond repair.

7). 
Effect on Performance Parameters: Fuel consumption increases sharply, power developed reduces, thermal efficiency reduces, blow-by losses reduce and exhaust temperature rises sharply.  Thus the performance reduces to the level of an old engine.  
2.4.2
Durability Problems

1.
The high viscosity of the vegetable oils results in degraded fuel atomization, which in turn results in the observed durability problems.

2.
The durability problems associated with the use of vegetable oils as fuels result directly from the chemical structure of the oils and the affect of these structures on the combustion chemistry.

3.
The durability problems are a result of incomplete combustion of the fuels (either spray or chemically induced) and the subsequent reaction of the fuels and/or partial combustion products on the metal surface and in the lube oil.

4. 
Fuel filter pressure drop can increase ten times faster than on Diesel fuel due to starch particles in the vegetable oil. Crude degummed oils are typically filtered to 12 μ level. 

5. 
The fuel supply should not have fuel exposed to surface temperature greater than 90ºC. Local oxidation will generate gums that will plug lines & filters [33].

2.4.3
Remedial Measures

At least three major proposals have been made to alleviate the problems associated with the use of vegetable oils as fuels.

1. 
Heating the fuel to temperatures sufficient to bring the viscosity to   near specification range. At 145oC, the viscosity of vegetable oil is about 4.0 Cst.

2. 
Conversion of the vegetable oils to the simple esters of Methyl, Ethyl or Butyl type.  Results till date indicate that the esters are superior fuels for D.I. engine 

3. 
Dilution of vegetable oils with other materials to bring the viscosity to near specification e.g. mixture (50/50) of these oils with diesel fuel have viscosities in the range of 4-8 times that of   diesel fuel.

Any of these procedures of modifying vegetable oils result in an   improvement in engine performance when these modified oils are used instead of base vegetable oils alone.  This improvement is attributed to the characteristics of the modified fuels, which permit full degree   of atomization in the injector nozzles. These characteristics are   believed to be a direct result of the viscosity reduction with the   modified procedures. The vegetable oils can be successfully utilized as fuels in C. I. Engines by modifying the fuel properties as well as by engine modifications [24].
Engine Modifications:

1 Dual Fueling

2 Injection System Modification

3 Heated Fuel Lines

Fuel Modifications:

1 Blending

2 Micro Emulsion

3 Transesterification

4 Pyrolysis

Chapter 3

THE ALTERNATIVE FUEL

3.1
Biodiesel as an option 

Bio-diesel is a fatty acid of ethyl or methyl ester made from virgin or used vegetable oils (both edible and non-edible) and animal fats. Chemically, it is defined as the mono-alkyl esters of long chain fatty acids derived from renewable lipid sources. 
Biodiesel is typically produced through the reaction of a vegetable oil or animal fat with methanol or ethanol in the presence of a catalyst to yield glycerin and biodiesel. Biodiesel has been accepted as clean alternative fuel all over the world. Biodiesel can be used in neat form or blended with petroleum diesel for use in diesel engines. The physical and chemical properties of biodiesel, as they relate to the operation of diesel engines are similar to petroleum-based diesel fuel. It is simple to use, biodegradable, nontoxic, and essentially free of sulfur and aromatic compounds [40]. 

 Though biodiesel could be produced from soya bean, rapeseed, sunflower, the source of edible oil, existing shortage of edible oil in the country and its price, would not make these crops viable for use as feed stock for production of biodiesel. The main commodity sources for biodiesel in India can be non-edible oils obtained from plant species such as Jatropha Curcas (Ratanjyot), Pongamia Pinnata (Karanj), Calophyllum inophyllum (Nagchampa), Hevca brasiliensis (Rubber) etc.  The potential of total non-edible oils in India is around 100,000 tons / annum (Source: Report on Role of NGOs, and Inform, vol. 13, 151-157, Feb. 2002).

Considering the petroleum crises, rapidly increasing prices, uncertainties concerning petroleum fuels availability and environment and type of land required for the growth of Biodiesel plants available with India, fuel from renewable products like edible/non-edible oil cannot be ignored. Their incorporation within a larger domain seems to be inevitable at some immediate point in future. 
3.1.2
Biodiesel: Lavish Resources but Limited Opportunities 

While the country is short of petroleum reserve, it has large arable land as well as good climatic conditions (tropical) with adequate rainfall in large parts of the area to account for large biomass production each year. Since edible oil demand is higher than its domestic production, there is no possibility of diverting this oil for production of biodiesel. Fortunately there is a large junk of degraded forest land and unutilized public land, field boundaries and fallow lands of farmers where non-edible oil-seeds can be grown.

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’), Calophyllum inophyllum (Nagchampa), Hevcca brasiliensis (Rubber) etc, which would be very suitable in our conditions. These can use lands, which are largely unproductive for the time being, and are located in poverty stricken areas and in degraded forests. These can also be planted on farmers’ field boundaries and fallow lands, and even in public lands such as along the railways, roads and irrigation canals [9]. 

Targets need to be set up for biodiesel production to achieve blending ratios of 5, 10 and 20 percent in phased manner. The estimated biodiesel requirements for blending with petroleum diesel over the period of next 5 years are given in table :
Biodiesel requirement for blending [20]

	Year
	Diesel consumption 
	Biodiesel requirement for blending million tons

	
	
	@ 5%
	@10%
	@20%

	2004-05
	46.97
	2.35
	4.70
	9.4

	2005-06
	49.56
	2.48
	4.96
	9.9

	2006-07
	52.33
	2.62
	5.24
	10.48


There is a need to increase the production of non-edible oil even to achieve a humble target of 5.0% replacement of diesel with biodiesel. At present the most widely used raw material for biodiesel in India is Jatropha curcas and Pongaima However, other species such as, Salvodra, Acacia, Madhuca latifolia, Saliciornia etc. also offer enormous potential. 
Jatropha curcas has been found the most suitable tree because  

1 It can be grown as a quick yielding plant even in adverse land situations viz. degraded and barren lands under forest and non-forest use, dry and drought prone areas.

2 It has multiple uses and after the extraction of oil from the seeds, the oil cake left behind can be used for Bio Gas production and is an excellent organic manure, the bio mass of Jatropha curcas enriches the soil and it can also be put to other uses.

3 The seed contains 30% oil, and oil extraction can be 91-92%. 1.05 Kg of oil will be required to produce 1 Kg of Biodiesel.

The rationale of taking up a major program for the production of biodiesel in India for blending with diesel lies in the context of:

1. Biodiesel being superior fuel from the environmental point of view;

2. Use of biodiesel becomes compelling in view of the tightening of automotive vehicle emission standards;

3. Addressing global concern relating to containing Carbon emissions for mitigation of climate change;

4. Providing nutrients to soil, by using oil cake as manure;

5. Reducing import of oil and consequentially reducing import and improving energy security;

6. Greening the country through Jatropha curcas plantation; and

7. Generation of gainful employment to the people.

3.2 
ASTM D-6751 standards for biodiesel [58]
	Flash point (closed cup)
	130°C min. (150°C average)

	Water and sediment
	0.050% by vol., max.

	Kinematic viscosity at 40°C
	1.9-6.0 mm2/s

	Ramsbottom carbon residue, % mass 
	0.10

	Sulfated ash
	0.020% by mass, max.

	Sulfur
	0.05% by mass, max.

	Copper strip corrosion 
	No. 3 max

	Cetane
	47 min.

	Carbon residue
	0.050% by mass, max.

	Acid number -- mg KOH/g
	0.80 max.

	Free glycerin 
	0.020 % mass

	Total glycerine (free glycerine and unconverted glycerides combined)
	0.240% by mass, max.

	Phosphorus content
	0.001 max. % mass

	Distillation
	90% @ 360°C


Comparison of the set standards for biodiesel and diesel[43]

	Fuel Property
	Petrodiesel
	Biodiesel

	Fuel Standard
	ASTM D975
	ASTM D6751

	Fuel Composition
	C10-C21 HC
	C12-C22 FAME

	Lower Heating Value, Btu/gal
	131,295
	117,093

	Kin. Viscosity, @40 C
	1.3-4.1
	1.9-6.0

	Specific Gravity, kg/l @ 60 F
	0.85
	0.88

	Density, lb/gal @ 15 C
	7.079
	7.328

	Water, ppm by wt.
	161
	0.05% max.

	Carbon, wt%
	87
	77

	Hydrogen, wt%
	13
	12

	Oxygen by dif. Wt%
	0
	11

	Sulphur, wt%
	0.05 max.
	0.00-0.0024

	Boiling Point, Degrees C
	188-343
	182-338

	Flash Point, Degrees C
	60-80
	100-170

	Cloud Point, Degrees C
	-15 to 5
	-3 to 12

	Pour Point, Degrees C
	-35 to -15
	-15 to 10

	Cetane Number
	40-55
	48-65

	Stoichometric Air/Fuel Ratio
	15
	13.8

	BOCLE Scuff, gm
	3,600
	>7,000

	HFRR, microns
	685
	314


International standards for biodiesel
	 
	 
	 
	AUSTRIA
	FRANCE
	GERMANY
	ITALY
	SWEDEN
	USA
	MBTI

	Standard/
Specifications
	Test
Value
	Unit
	ON C1191
	Journal Official
	DIN E 51606
	UNI 10635
	SS 15 54 36
	D-6751~02
	 

	Date
	 
	 
	1 July 97
	14 Sep 97
	 Sep 97
	21 April 97
	27 Nov 96
	10 Jan 02
	August 03

	Application
	 
	 
	FAME**
	VOME**
	FAME**
	VOME**
	VOME**
	FAME**
	FAME**

	Density
	15ºC
	g/cm3
	0.85 - 0.89
	0.87 - 0.90
	0.875 - 0.90
	0.86 - 0.90
	0.87 - 0.90
	 -
	 -

	Viscosity
	40ºC
	mm2/s
	3.5 - 5.0
	3.5 - 5.0
	3.5 - 5.0
	3.5 - 5.0
	3.5 - 5.0
	1.9 - 6.0
	4.473

	Distillation
	I.B.P.
	ºC
	-
	-
	-
	>300
	-
	-
	339

	Distillation
	95%
	ºC
	-
	<360
	-
	<360
	-
	-
	357

	Flashpoint
	 
	ºC
	>100
	>100
	>110
	>100
	>100
	>130
	162

	CFPP
	 
	ºC
	<0/-15
	-
	<0/-10/-20
	<0/-15
	<-5
	-
	-

	Pourpoint
	summer
	ºC
	-
	<10
	-
	-
	-
	-
	-

	Total Sulphur
	 
	% Mass
	<0.02
	-
	<0.01
	<0.01
	<0.001
	-
	0.0004

	CCR
	100%
	% Mass
	<0.05
	-
	<0.05
	-
	-
	0.050
	0.04

	CCR
	10%
	% Mass
	-
	<0.3
	-
	<0.5
	-
	-
	-

	Sulphate ash
	 
	% Mass
	<0.02
	-
	<0.03
	-
	-
	<0.02
	-

	(Oxide) Ash
	 
	% Mass
	-
	-
	-
	<0.01
	<0.01
	-
	-

	Water content
	 
	mg/kg
	-
	<200
	<300
	<700
	<300
	<300
	0

	Impurities total
	 
	mg/kg
	-
	-
	<20
	-
	<20
	-
	0

	Cetane No.
	 
	-
	>49
	>49
	>49
	-
	>48
	>47
	52.9

	Neutral No.
	 
	mgKOH/g
	<0.8
	<0.3
	<0.5
	<0.5
	<0.6
	<0.80
	0.23

	Methanol content
	 
	% Mass
	<0.20
	<0.1
	<0.3
	<0.2
	<0.2
	-
	-

	Ester content
	 
	% Mass
	-
	>96.5
	-
	>98
	>98
	-
	-

	Monoglycides
	 
	% Mass
	-
	<0.8
	<0.8
	<0.8
	<0.8
	-
	-

	Diglyceride
	 
	% Mass
	-
	<0.2
	<0.4
	<0.2
	<0.1
	-
	-

	Triglyceride
	 
	% Mass
	-
	<0.2
	<0.4
	<0.1
	<0.1
	-
	-

	Free glycerol
	 
	% Mass
	<0.02
	<0.02
	<0.02
	<0.05
	<0.02
	0.020
	0.003

	Total glycerol
	 
	% Mass
	<0.24
	<0.25
	<0.25
	-
	-
	0.240
	0.146

	Iodine No.
	 
	-
	<120
	<115
	<115
	-
	<125
	-
	<120

	Phosphor
	 
	mg/kg
	<20
	<10
	<10
	<10
	<10
	<10
	<10

	Alcaline met.
	NA/K
	mg/kg
	-
	<5/5
	<5
	-
	<10/10
	-
	-

	**FAME: Fatty Acid Methyl Ester  **VOME: Vegetable Oil Methyl Ester


3.3
Properties of Bio-Diesel [9]:

A general understanding of the various properties of bio-diesel is essential to study their implications in engine use, storage, handling and safety.

3.3.1
Density/ Specific Gravity:

Bio-diesel is slightly heavier than conventional diesel fuel (specific gravity 0.88 compared to 0.84 for diesel fuel). This allows use of splash blending by adding bio-diesel on top of diesel fuel for making bio-diesel blends. Bio-diesel should always be blended at top of diesel fuel. If bio-diesel is first put at the bottom and then diesel fuel is added, it will not mix. 

3.3.2
Cetane Number:

Cetane number of a diesel engine fuel is indicative of its ignition characteristics. Higher the cetane number, better it is in its ignition properties. Cetane number affects a number of engine performance parameters like combustion, stability, drivability, white smoke, noise and emissions of CO and HC. Bio-diesel has higher cetane number than conventional diesel fuel. This results in higher combustion efficiency and smoother combustion.
3.3.3
Viscosity:

In addition of lubrication of fuel injection system components, Fuel viscosity controls the characteristics of the injection from the diesel injector (droplet size, spray characteristics etc.) . The viscosity of methyl esters can go to very high levels and hence, it is important to control it within an acceptable level to avoid negative impact on fuel injection system performance. 
3.3.4
Distillation characteristics:

The distillation characteristics of bio-diesel are quite different from that of diesel fuel. Bio-diesel does not contain any highly volatile components; the fuel evaporates only at higher temperature. This is the reason that sometimes sump lubrication oil dilution observed in many tests. The methyl esters present in bio-diesel generally have molecular chains of 16- 18 carbons, which have very close boiling points. In other words, rather than showing distillation characteristics, bio-diesel exhibits a boiling point. Boiling point of bio-diesel generally ranges between 330 to 357°C. 

3.3.5
Flash point:

Flash point of a fuel is defined as the temperature at which it will ignite when exposed to a flame or spark. The flashpoint of bio-diesel is higher than the petroleum based diesel fuel. Flashpoint of bio-diesel blends is dependent on the flashpoint of the base diesel fuel used, and increase with percentage of bio-diesel in the blend. Thus in storage, biodiesel and its blends are safer than conventional diesel. 
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The flashpoint of bio-diesel is around 160 ºC, but it can reduce drastically if the alcohol used in manufacture of bio-diesel is not removed properly. Residual alcohol in the bio-diesel reduces its flashpoint drastically and is harmful to fuel pump, seals, elastomers etc. It also reduces the combustion quality. 
3.3.6
Cold Filter Plugging Point (CFPP):

At low operating temperature fuel may thicken and not flow properly affecting the performance of fuel lines, fuel pumps and injectors. Cold filter plugging point of biodiesel reflects its cold weather performance. It defines the fuels limit of filterability. Biodiesel thicken at low temperatures so need cold flow improver additives to have acceptable CFPP.

3.3.7 
Pour Point:

Normally either pour point or CFPP are specified. French and Italian bio-diesel specifications specify pour point whereas others specify CFFP. Since CFFP reflects more accurately the cold weather operation of fuel.

3.3.8 
Cloud Point:
Cloud point is the temperature at which a cloud or haze of crystals appear in the fuel under test conditions and thus becomes important for low temperature operations. Biodiesel generally has higher cloud point than diesel fuel. 
3.3.9 
Aromatics:

Bio-diesel does not contain any aromatics.

3.3.10    Stability:

Bio-diesel age more quickly than fossil diesel fuel due to the chemical structure of fatty acids and methyl esters present in bio-diesel. Typically there are up to 14 types of fatty acid methyl esters in the bio-diesel. The individual proportion of presence of these esters in the fuel affects the final properties of bio-diesel. Saturated fatty acid methyl esters (C14: 0, C16: 0,C16: 0) increase cloud point, cetane number and improve stability whereas more polyunsaturats (C18: 2,C18: 3) reduce cloud point, cetane number and stability. There are three types of stability criteria, which need to be studied:

· Oxidation Stability – More related to engine operation as engine components attain high temperatures during operation.

·  Storage Stability 

·  Thermal Stability

3.3.10.1 Oxidation Stability: Poor oxidation stability can cause fuel thickening, formation of gums and sediments, which, in turn, can cause filter clogging and injector fouling. Iodine number indicates the tendency of a fuel to be unstable as it measures the presence of C=C bonds that are prone to oxidation. Generally instability increase by a factor of 1 for every C=C bond on the fatty acid chain. Thus, C18: 3 are three times more unstable than C18: 0 fatty acids. Oxidation stability of bio-diesel varies greatly depending upon the feedstock used. 

3.3.10.2 Thermal Stability: Current knowledge and database is still inadequate. More information is needed in this area.

3.3.10.3 Storage Stability: Very little data is available on the long-term storage stability of bio-diesel. Effect of presence of water, sediments, and additives on storage stability need to be investigated more. Based on the data available so far, bio-diesel and its blends should not  be stored in a storage tank or vehicle tank for more than 6 months. Depending upon  the storage temperature and other conditions use of an appropriate antioxidants    (e.g. Tenox 21, t-butylhydroquinone etc.). The antioxidants must be properly mixed with the fuel for good effectiveness. To avoid growth of algae in fuel, water contamination need to be minimized and if necessary some biocide should be used. 

3.3.11 Iodine Number and polyunsaturated methyl ester :

In diesel engines, Methyl esters have been known to cause engine oil dilution by the fuel. A high content of unsaturated fatty acids in the ester (indicated by high Iodine number) increases the danger of polymerization in the engine oil. Oil dilution decreases oil viscosity. Sudden increase in oil viscosity, as encountered in several engine tests, is attributed to oxidation and polymerization of unsaturated fuel parts entering into oil through dilution. In saturated fatty acids all the carbon is bound to two hydrogen atoms by double bonds. More the double bonds the lower is the cloud point of oil. The tendency of the fuel to be unstable can be predicted by Iodine number. Different bio-diesel have different stability performance.

When iodine is introduced in the oil, the iodine attaches itself over a single bond to form a double bond. Thus iodine number refers to the amount of iodine required to convert unsaturated oil into saturated oil. It does not refer to the amount of iodine in the oil but to the presence of unsaturated fatty acids in the fuel. Iodine number is not well suited to indicate the influence of methyl ester on engine. One value of iodine number can be obtained by using several grades of unsaturated acids. So an additional parameter, linolenic acid (C18: 3) content is specified and limited to 15% in Austrian Standard ON C 1191. 

3.3.12  Free and Total glycerol:

The degree of conversion completeness of the vegetable oil is indicated by the amount of free and total glycerol present in the bio-diesel. If the actual number is higher than the specified values, engine fouling, filter-clogging etc can occur. Manufacturing process controls are necessary to ensure low free and total glycerin. Free glycerol if present can build up at the bottom of the storage and vehicle fuel tanks.

3.3.13  Mono-, Di-, and Triglycerides:

Most of the bio-diesel standards, except Austrian and ASTM, specify a max. limit of 0,08 for Mono-glycerides. Draft EU standard calls for same limit. Di-and Triglycerides are also controlled in most of the standards. High levels of these glycerides can cause injector fouling, filter clogging etc.

2.5.14  Ester content:

France (96.5%), Italy (98%) and Sweden (98%) specify a minimum eater content whereas Austrian and ASTM Standards do not specify any limit.

3.3.15  Alkaline matter (Na, K):

Alkaline matter is controlled mainly to ensure that the catalysts used in the esterification process are properly removed.

3.3.16  Total contamination:

Left over impurities at the time of manufacture (such as free proteins) may form solid particles and clog the fuel lines. Filtration and washing treatments at manufacturing level need to be robust.

3.3.17  Sulfur content:

Biodiesel generally contain less than 15ppp sulfur. ASTM D 5453 test is a suitable test for such low level of sulfur. 

3.3.18  Lubricity:

Wear due to excessive friction resulting in shortened life of diesel fuel pumps and injectors, has some times ascribed to lack of lubricity in the fuel. Numerous premature breakdown and in some cases, catastrophic failures, have occurred failures. All diesel fuel injection equipment (fuel pump and injector) of the diesel engine have reliance on diesel fuels for its lubrication, especially the Rotary (Distributor) and Common Rail type systems. The lubrication of the pump is not provided by viscosity alone but also by the lubricity property of the fuel. Even when the viscosity of the fuel is correct, several parts of the pump can wear out due to lack of lubricity. The lubricity of the fuel depends on the crude source, refining process to reduce sulfur content and the type of additives used. BOCLE (Ball on Cylinder Lubricity Evaluator) and HFFR (High Frequency Reciprocating Rig) are  commonly used for evaluating the lubricity of the fuel. BOCLE is normally used for   finding the lubricity fuel without additive, as it does not properly    characterize  the lubricity of fuels with lubricity additives. HFFR method has been adopted by  Fuel Injection Manufactures for lubricity  evaluation of diesel fuels and they  recommend a limit of 460  microns wear  scar diameter (WSD). Lower the WSD better is the lubricity of fuel. In case of BOCLE method a higher value  is  better. Even with 2% biodiesel mixed in diesel fuel, the WSD values comes down to around 325 micron and is sufficient to meet the lubricity requirements of the fuel injection pump (460 micron max.).. B100 performs still better, with a WSD of about 314 micron. With further reduction of sulfur content is diesel for Euro II and Euro IV fuels; the lubricity loss due to sulfur removal can easily be compensated by the addition of appropriate amount of biodiesel in diesel fuel. 2% inclusion into any conventional diesel fuel is sufficient to address the lubricity problem. It also eliminates the inherent variability associated with use of other additives to make fuel fully lubricious. Second the biodiesel is a fuel component itself- any addition of it does cause any adverse consequences. Since pure biodiesel has high lubricity, it is not specified in the specification. When biodiesel is used as lubricity blend (B2) or diesel fuel extender (B20), its lubricity characteristics has to meet the specification for the base fuel 

3.3.19  Sulfated Ash:

Sulfated ash is controlled to ensure that all the catalysts used in the transesterification process are removed. Presence of ash can cause filter plugging and or injector deposits. Soluble metallic soap, un-removed catalysts and other solids are possible sources of sulfated ash in the fuel.

3.3.20  Acid number/Neutralization number:

Acid number/Neutralization number is specified to ensure proper ageing properties of the fuel and/ or a good manufacturing process. Acid number reflects the presence of free fatty acids or acids used in manufacture of biodiesel. It also reflects the degradation of biodiesel due to thermal effects. For example, during the injection process several times more fuel returns from the injector than that injected into the combustion chamber of the engine. The temperature of this return fuel can, sometimes, be as high as 90ºC and thus accelerate the degradation of biodiesel. The resultant high acid number can cause damage to injector and also result in deposits in fuel system and affect life of pumps and filters. Sodium hydro peroxide and sulfuric acids are highly corrosive and can cause serious, many times permanent, injuries.
3.3.21  Water Content:

Biodiesel and its blends are susceptible to growing microbes when water is present in fuel. The solvency properties of the biodiesel can cause microbial slime to detach and clog fuel filters.

3.3.22  Phosphorous Content:

Phosphorous can come as impurity and can affect oxidation catalyst and cause injector fouling. As more and more OEMs are going to use catalytic converters in diesel engines, it is necessary to keep the level of phosphorous in fuel low. Usually biodiesel have less than 1ppm phosphorus. The specification of min. 10-ppm phosphorous content is intended to ensure compatibility with catalytic converters irrespective of the source of biodiesel.

3.3.23  Methanol/Ethanol content:

High levels of free alcohol in biodiesel cause accelerated deterioration of natural rubber seals and gaskets. Damage to fuel pumps and injectors, which have natural rubber diaphragms has been very common type of failure Methanol is membrane-permeable and can cause nerve damage. Therefore control of alcohol content is required.

3.3.24  Conradson Carbon Residue (CCR):

Carbon residue of the fuel is indicative of carbon depositing tendencies of the fuel. Conradson Carbon Residue (CCR) for biodiesel is more important than that in diesel fuel because it show a high correlation with presence of free fatty acids, glycerides, soaps, polymers, higher unsaturated fatty acids, inorganic impurities and even on the additives used for pour point depression. 

3.4
Work-done in India


In India, attempts are being made for using non-edible and under-exploited oils for production of esters. The non-traditional seed oils available in the country, which can be exploited for this purpose, are Madhuca indica, Shorea robusta, Pongamia glabra, Mesua ferra (Linn), Mallotus philippines, Garcinia indica, Jatropha curcas and Salvadora.

a) Harbinsons Biotech Pvt. Ltd., has set up a batch process pilot plant of 1 ton per day capacity at Gurgaon (on outskirts of New Delhi), based on Jatropha curcas. [20]

b) Punjab Agricultural University is actively involved in R&D work on plant oils and their esters (biodiesel) as alternate fuel for diesel engines since early eighties. Firstly a number of plant oils were used in blend with HSD (high speed diesel) fuel and kerosene oil in the existing diesel engine. Then a simple biodiesel production process was standardized in the laboratory. Based on that a 12 liter batch reactor was developed and used for bulk production of biodiesel which was later scaled up to 60 liters. Biodiesel has been prepared from a number of plant oils (edible as well as non-edible) and used successfully in existing diesel engines. [20]

c) Indian Institute of Petroleum (IIP) is actively pursuing the utilization of non-edible oils for the production of biodiesel, additives for lubricating oils, saturated and unsaturated alcohol and fatty acids and many other value added products. The results obtained so far are encouraging and need further investigations for commercial exploitation of these products. Some of the products used as lube additives are being produced commercially from non-edible oils based on IIP's technologies. IIP is pursuing program sponsored by DBT on "Liquid fuels form Renewable Resources". The project has two parts: 

Part – A deals with the indigenous technology development for biodiesel production using Jatropha Curcas, Karanj Oil, Mahua Oil and Salvadora Oil, as a networking project along with CSMCRI, Bhavnagar and NBRI Lucknow.
Part – B deals with the recovery of Hydrocarbons from biomass and their conversion to liquid fuel with Rajasthan University Jaipur as a networking partner. Rajasthan University will be supplying the biomass to IIP for its extraction and conversion to liquid fuels. Under this program bulk sample of biodiesel will be prepared using the 30 liter capacity batch pilot plant available at IIP. [20]

d) Indian Institute of Chemical Technology extracted oil from Jatropha curcas. The oil extraction was based on cooking of jatropha seeds with water followed by drying and expelling of oil. 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. Active work is also going on at IICT for the preparation of fatty acid esters from low and high FFA vegetable oils using enzymes and solid catalysts. [20]

e) 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. [3]

f) IOC R&D is also doing some work on the trans-esterification of vegetable oils. IOC (R&D) has already set up a biodiesel production facility of 60 kg/day at Faridabad. [3] 

g) Mahindra & Mahindra Ltd has a pilot plant utilizing Karanj for biodiesel production in Mumbai. This plant has carried out successful trials on tractors using this fuel. Parameters such as power, torque, fuel consumption, emissions, etc. have been found quite satisfactory on tractors operating on this biodiesel. [4]

h) Delhi College Of Engineering has carried out an extensive research in Biodiesel arena. Different samples of Biodiesel have been prepared considering the scope, availability and economics of various non-edible oils. Biodiesel from Mahua, Linseed, Rice Bran, waste cooking oil, Raw Palm, Castor & Karanja have already been prepared and successfully tested. The college has taken the initiative in the development of two reactors for the production of Biodiesel. One is a demonstrative unit made of glass, having a capacity of 5 lts and another a 50 lts batch size reactor designed and fabricated indigenously for the rural operative conditions.  
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Biodiesel reactors 5 liters and 10 liters developed at DCE
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The College is also undertaken a project sponsored by MNES for “Development of an efficient biodiesel reactor for rural application and utilization of multi-feedstock derived biodiesel in medium capacity diesel engine”

3.5
Barriers for Biodiesel introduction

3.5.1 Economics 

In order to promote biodiesel and to help it compete with petroleum diesel, several countries have drawn up tax support packages, for example, Germany and Italy levies no tax on biodiesel, UK has 20% lower tax, several US States imposed lower tax on fuels containing biodiesel. Soybean is the most investigated and used for energy crop for production of biodiesel. All most all the biodiesel in US and Brazil is of soybean origin. It is estimated that about 7.3 Pounds of soybean oil, which cost about 20 cents / pounds, produce about one gallon of biodiesel. Therefore, the feedstock cost currently is 1.5 US$ / Gallon of biodiesel and after processing the biodiesel costs about 2 US$ / Gallon. However, US is currently working on mustard seed program, which cost about 10 cents / Pound and cost of producing mustard biodiesel shall be around 1.0 US$ / Gallon. This compares well with current cost of petroleum diesel which is approximately 1.30 US$ / Gallon. The US program on biodiesel is driven and supported by soybean lobby as US has excess production for soybean. It is estimated that cultivation of soybean on set aside farmland in the US can fulfill 5% biodiesel introduction targets in the US [20].

Economics of Biodiesel from Jatropha curcas[69]:
Bio diesel is produced by trans-esterification of non edible oils from petro plant seeds. The by products of Bio-diesel reactor are the oil cake and glycerol which have a 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.
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Taking these elements into account, the price of Bio-diesel has been worked out assuming cost of seed as Rs. 5 per kg, 100 kg of seed giving 30 Kg of oil and varying prices of by-products. The cost of Bio-diesel is approximately Rs. 17.30 per litre if the price of glycerol is estimated at 20 per Kg. Table  below gives a further breakup of the cost of production of bio diesel.

	Sl No
	Item/Expenditure
	Amount in Rs.

	1.
	100 Kg Seeds @ 5/- per Kg
	500/-

	2.
	Oil Extraction and other charges @ 1/- per Kg.
	100/-

	3.
	Transesterification Cost @ 4/- per Kg. of oil
	120/-

	
	Total
	720/-

	
	Sale
	

	1.
	70 Kg. oil cake @ 2/- per Kg.
	140/-

	2.
	Glycerol 3 Kg. @ 20/- per Kg.
	60/-

	3.
	Total
	200/-

	
	Net Expenditure incurred to get  30 Kg/33 Liters Oil
	520/-

	
	Cost of biodiesel ( per liter)
	17.30/-


3.5.2 Present Availability of Non-edible oils

The second barrier for introduction of biodiesel on large scale is its present availability. The biodiesel program in any country has a time lag between policy planning and actual implementation is 4-5 years. Presently, the availability of these oils is very limited and the price of such oils is quoted very high. For successful launch of Biodiesel availability of oil on large scale has to be ensured at reasonable prices.

3.6
Storability of biodiesel

It was observed that when the biodiesels of different oils were stored, their FFA as well as viscosity increased. However, FFA remained below 1% even after one and a half years of storage. Minimum increase was observed in Jatropha curcas oil biodiesel, followed by rice bran, sun flower and linseed oil biodiesel. During storage, the biodiesel also gained some weight. It may be mainly due to reaction with oxygen in the air.

Pure plant oils are completely harmless to the environment, especially the groundwater. However, esterification of vegetable oil increases its water hazard. As per German EPA classifies waste vegetable oil as a toxic waste. As a general rule blends of biodiesel and petroleum diesel should be treated like petroleum diesel. It was recommended to store biodiesel in clean, dry and approved tanks. 

Though the flash point of biodiesel is high, still storage precautions somewhat like that in storing the diesel fuel need to be taken. Biodiesel can be stored for long periods in closed containers with little headroom but the container must be protected from direct sunlight, low temperature and weather. 

Underground storage is preferred in cold climates but can be stored in open. Proper insulation, heating and other equipment should be installed. B20 fuel can be stored in tanks, above ground depending on the pour point and cloud points of the blend. Low temperature can cause biodiesel to gel. Additives can be used for low temperature storage and pumping. The biodiesel / its blends should be stored at temperatures at least 15oC higher than the pour point of the fuel. While splash blending the biodiesel, care should be taken to avoid very low fuel temperatures as the saturated compounds can crystallize and separate out to cause plugging of fuel lines and filters. 

Biodiesel and its blends are susceptible to growing microbes when water is present in fuel. Biocides, chemicals that kill bacteria and molds growing in fuel tank, can be added in small concentration. Biocides do not remove sediments. Moreover, storage of biodiesel in old tanks can release accumulated deposits and slime and can cause very severe filter and pump blockage problem

Some anti-oxidant additives are also used for longer periods of storage. Due to being a mild solvent, biodiesel has a tendency to dissolve the sediments normally encountered in old tanks used for diesel fuel and these cause filter blockage, injector failures in addition to clogging of fuel lines. Brass, copper, zinc etc oxidizes diesel and biodiesel fuels and create sediments. The fuel and fitting will start changing color as the sediments are formed. Storage tank made of aluminum, steel etc should be used.
3.7

Handling of Biodiesel

As a general rule blends of biodiesel and petroleum diesel should be treated like petroleum diesel. Biodiesel, 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 sulfur to react and release any harmful or corrosive gases. However, in case of biodiesel blends significant fumes released by benzene and other aromatics present in the base diesel fuel can continue. 

On contact with eye, biodiesel may cause irritation to eye. Safety glasses or face shields should be used to avoid mist or splash on face and eyes. Fire fighting measures to be followed as per its fire hazard classification. Hot fuel may cause burn. Biodiesel should be handled with gloves as it may cause soft skin. Mild irritation on skin can occur. 

Biodiesel methyl esters have very low solubility in water (saturation concentration of 7 ppm in sea water and 14 ppm in fresh water at 17oC) compared to petroleum diesel that contain benzene, toluene, xylene and other more water soluble, highly toxic compounds. However, when the biodiesel is vigorously blended into water, the methyl esters form a temporary emulsion of tiny droplets that appear to be harmful to the swimming larvae. 

The half- life for biodegradation of vegetable methyl ester is about 4 days at 17oC, about twice fast as petroleum diesel. [20] Any accidental discharge / spill of small amounts of biodiesel should have little impact on the environment compared to petroleum diesel, which contain more toxic and more water-soluble aromatics. Nonetheless, the methyl esters could still cause harm. 

3.8
Environmental and Health Effects of Biodiesel

The use of biodiesel in a conventional diesel engine results in substantial reduction of unburned hydrocarbons, carbon monoxide and particulate matter. However, Emissions of nitrogen dioxides are either slightly reduced or slightly increased depending on the duty cycle and testing methods. 

The use of biodiesel decreases the solid carbon fraction of particulate matter (since the oxygen in biodiesel enables more complete combustion to CO2), eliminates the sulphur fraction (as there is no sulphur in the fuel), while the soluble or hydrogen fraction stays the same or is increased. Therefore, biodiesel works well with new technologies such as oxidation catalysts. 

The results of the emissions tests for pure biodiesel (B100) and mixed biodiesel (B20-20% biodiesel and 80% petroleum diesel) compared to conventional diesel are given below

Biodiesel Emissions Compared to Conventional Diesel [20]

	Emissions
	B100
	B20

	Regulated Emissions

	Total Unburned Hydrocarbons
	-93%
	-30%

	Carbon Monoxide
	-50%
	-20%

	Particulate Matter
	-30%
	-22%

	NOx
	+13%
	+2%

	Non Regulated Emissions

	Sulphates
	-100%
	-20%*

	Polycyclic Aromatic Hydrocarbons (PAH)**
	-80%
	-13%

	NPAH (Nitrated PAHs)**
	-90%
	-50%***

	Ozone Potential of HC
	-50%
	-10%

	Life Cycle Emissions

	Carbon Dioxide
	-80%

	Sulphur Dioxide
	-100%


Biodiesel produces approximately 80% less carbon dioxide and almost 100% less sulphur dioxide compared to conventional diesel. Biodiesel emissions are nontoxic. 

It is clear that biodiesel gives a distinct emission benefit almost for all regulated and non-regulated pollutants when compared to conventional diesel fuel but emissions of NOx appear to increase from biodiesel. NOx increases with the increase in concentration of biodiesel in the mixture of biodiesel and petroleum diesel. This increase in NOx emissions may be neutralized by the efficient use of NOx control technologies, which fits better with almost nil sulphur biodiesel then conventional diesel containing sulphur. It may also be noted that emission of NOx also varies with the different family of feed stocks for biodiesel. 

CHAPTER-4

FUEL -  MODIFICATION TECHNIQUES

4.1 Introduction 

The use of vegetable oils as an alternative source of energy, especially for agriculture, most of which is powered by diesel engines is renewed considering the depletion of the world’s petroleum supplies. The vegetable oils fuels must be technically and environmentally acceptable, and economically competitive. Various crude or refined vegetable oils, low grade, non edible or recovered from wastes residues of chemical operations have been tested by numerous researchers for their utilization possibilities either straight or as diesel fuel extenders in Compression Ignition Engines [45]. The neat vegetable oils have been found to be very viscous for prolonged use in Direct Ignition Diesel Engines [46]. Their high viscosities lead to poor atomization and incomplete combustion with an unmodified fuel injection system, can cause fuel system clogging, polymerization during storage and the blow-by causing polymerization of the lubricating oil [33]. 

To safely negotiate the above undesirable characteristics of vegetable oils to be used as a fuel in C.I engines, some modifications are required. 

1. 
Adaptation of the engines to the fuel.

2. 
Adaptation of the fuel to the engines [47].

The former solution doesn’t fit, as it requires the changing of the fuel injection system, injector timing, modified combustion chamber, emission treating mechanism etc. The problems with substituting triglycerides for diesel fuels are mostly associated with their high viscosity, low volatility and polyunsaturated character. The problems have been mitigated by developing non-edible oils / edible oils derivatives that approximate the properties and performance and make them compatible with the hydrocarbon-based diesel fuels by changing the chemical characteristics of the fuel  through various techniques. The viscosity of the vegetable oils can be overcome in various ways [48].

a) 
Pyrolysis.

b) 
Dilution.

c) 
Micro emulsifying the vegetable oil.

d) 
Transesterification, which is the conversion of vegetable oils into simple esters.


4.2
Various Techniques For Fuel Modification

4.2.1
Pyrolysis 

Pyrolysis refers to a chemical change caused by the application of thermal energy in the absence of air or nitrogen. It is the thermal decomposition of vegetable oils to provide a possibility of creating a less viscous fuel with properties more closely related to diesel fuel. Pyrolysis of the vegetable oil implies that its molecular structure and its molecular weight are changed. The process involves the rupturing of long chain hydrocarbon molecules into smaller fragments to produce a liquid with lower molecular weight [28]. The liquid fractions of the thermally decomposed oil are likely to approach diesel fuels. 

The pyrolyzate had lower viscosity, flash point, and pour point than diesel fuel and equivalent calorific values. The cetane number of the pyrolyzate was lower. The pyrolyzed oils contain acceptable amounts of sulphur, water and sediment and give acceptable copper corrosion values but unacceptable ash, carbon residue and pour point.

Pyrolysis processes that maximize yield are of particular interest, since liquid products are easier to handle in subsequent utilization scheme and are of better for retrofitting existing equipment. In addition, Pyrolysis is simple, inexpensive to construct and is probably suitable for small-scale plants located near a raw material source [49].

4.2.2
Blending 

Diesel-fuelled engines have the disadvantage of producing soot, particles and nitrogen oxides and are now subjected to increasingly severe legislation following revision of the standards by Auto oil. The required levels are difficult to achieve through engine design alone. Even with high-grade fuels, catalytic systems are being extensively investigated to remove particulates. But, there are still problems in the operation of these. The introduction of oxygenated compounds such as vegetable oils and alcohols into diesel fuel is gaining momentum [50]. Results with this technology have been mixed and engine problems similar to those found with neat vegetable oils as fuels were observed here also. A model on vegetable oil atomization showed that blends of DF2 with vegetable oil should contain from 0 to 34% vegetable oil if proper atomization was to be achieved [14].

4.2.3
Emulsification

Emulsion is a colloidal solution, which is formed by mixing the two liquids present in the same phase. The characterization of the emulsions is done by their stability. The stability of an emulsion is the time for which the two mixed liquids doesn’t separate [51]. 

Emulsification can be of two types.

1 Microemulsification: - Microemulsions are isotropic, clean or translucent thermodynamically stable dispersions of oil, water, a surfactant & often a small amphiphilic molecule called Co-surfactant [52]. 

Factors affecting the formation of the required microemulsion [46].

a.
Choice of the Surfactant: - The choice of the surfactant should be made with the purpose of promoting its maximum solubility in oil phase.

b.
Choice of the C-surfactant: - The cosurfactant is a non-ionic molecule, that when associated to the surfactant helps in stabilization of the interfacial layer.

c.
Choice of the Co-Surfactant & Surfactant ratio: - In order to obtain microemulsions it is necessary to determine the optimum properties of cosurfactant/surfactant that promotes the maximum solubalisation.

2 Macroemulsions: - These are also called as temporary or non-ionic solutions. Non–Ionic emulsions are often referred to as detergentless emulsions, indicating the absence of a surfactant. They are also called macro-emulsions. They do not form thermodynamically colloidal dispersions, and their faces separated, after some time of their forming, hence they are unstable in nature. 

There are many advantages in using emulsified fuels. They can enhance the transformation efficiency of fuels, and more importantly they can reduce NOx emission and particulates. This is because evaporation of water in the combustion process reduces the oxygen concentration and burning temperature to reduce NOx emission notably and secondary atomization is beneficial to heavy oil to enhance the combustion efficiency. Water vapor reacts with particulates to produce CO and H2 in the region lacking in oxygen, so both the particulate and the equivalence ratio will be reduced. So it can not only reduce the pollutants but also reduce the exhaust loss and enhance the thermal efficiency. When the emulsified oil is used in diesel engines, the efficiency is not notable with a little amount of water. Emulsified oil with a large amount of water can notably improve NOx emission and particulates, but the ignition delay time will increase greatly such that diesel engines cannot start. Thus, it is a difficult problem to solve the normal ignition for diesel engines with a large amount of water in oil [53].

4.2.4
Transesterification :  

Trans-esterification also called alcoholysis, is the displacement of alcohol from an ester by another alcohol in a process similar to hydrolysis. This process has been widely used to reduce the viscosity of triglycerides. The trans-esterification reaction is represented by the general equation.
RCOOR’ + R" = RCOOR" + R’OH.

Transesterification is the change of the trivalent glycerin molecule against 3 molecules of monovalent alcohols i.e. Methanol & Ethanol. Each alcohol molecule then form with the fatty acid residue 1 molecule monoester [17]. The transesterification reaction can be represented as:
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If methanol is used in the above reaction, it is termed methanolysis. The reaction of triglyceride with methanol is represented by the general equation. Triglycerides are readily trans-esterified in the presence of alkaline catalyst at atmospheric pressure and at a temperature of approximately 60 to 70°C with an excess of methanol. The mixture at the end of reaction is allowed to settle. The lower glycerol layer is drawn off while the upper methyl ester layer is washed to remove entrained glycerol and is then processed further. The excess methanol is recovered by distillation/evaporation/condensation and sent to a rectifying column for purification and recycled. The trans-esterification works well when the starting oil is of high quality. However, quite often low quality oils are used as raw materials for biodiesel preparation. In cases where the free fatty acid content of the oil is above 1%, difficulties arise due to the formation of soaps which promote emulsification during the water washing stage and at an FFA content above 2% the process becomes unworkable.

4.3 Methods of Transesterification [55]

There are two methods of Transesterification 

1 Using a Catalyst

2 Without the Catalyst

There are two problems associated with the former process 

1.
The process is relatively time consuming. In this case the mixture requires vigorous stirring for the reaction to proceed.

2.
Purification for the product for catalyst & saponified products are necessary. 

Basic Mechanism of Transesterification: - 

Simple alcohols are used for transesterification and this process is usually carried out with a basic catalyst in the complete absence of water. The bonding of alcohol and organic acid with elimination of water produces ester. An excess of alcohol is required to force the reaction to completion. Although other alcohols may be used, methyl or ethyl alcohols are the most common and separation of glycerol, a bi-product occurs readily with it. Soap can be a substantial by-product in the presence of water. This result is a decrease in overall yield of ester, which is not a problem if the presence of water is below 1 percent. In the transesterification process, the alcohols combine with the triglycerides to form glycerol & esters. The glycerol is then removed by density separation. Transesterification has the effect of increasing the volatility and decreasing the viscosity of the oil, hence making it similar to the conventional diesel fuel in these characteristics [24]. 

The chemistry of transesterification is as shown in the figure [56]. And the figure presents the quantity wise distribution of various ingredients in the process. 
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Transesterification is the most commonly used process because the molecules triglycerides (a tripod hooked structure), a main constituent of the fat, are changed to the fatty acid esters (slippery structure)[57]. The transesterification reaction differs from the conventional reaction in the way that the oil bearing material contacts acidified alcohol directly instead of reacting with purified oil and alcohol. That is, extraction & transesterification proceed within the same process, the alcohol acting both an extraction solvent & an emulsifying reagent [58]. Various factors affect the yield of an Ester formed during the transesterification process. These factors are listed below [59]: -

1 Moisture & Free Fatty Acid present in the Oil.

2 Molar Ratio i.e. the ratio of Oil to Alcohol.

3 Overall Reaction Time.

4 Change in the Glyceride Composition During Transesterification.

5 Glycerol Recovery Method.

4.4
Process Variables in trans-esterification.

The most important variables that influence trans-esterification reaction time and conversion are:

i.  oil temperature

ii. reaction temperature

iii. ratio of alcohol to oil

iv. type of catalyst and concentration

v. intensity of mixing 

vi purity of reactants


4.4.1 Oil Temperature: The temperature to which oil is heated before mixing with catalyst and methanol, affects the reaction. It was observed that increase in oil temperature marginally increases the percentage oil to biodiesel conversion as well as the biodiesel recovery. However, the tests were conducted for 60-70° C as higher temperatures may result in methanol loss in the batch process.

4.4.2  Reaction temperature: The rate of reaction is strongly influenced by the reaction temperature. Generally, the reaction is conducted close to the boiling point of methanol (60 to 70°C) at atmospheric pressure. The maximum yield of esters occurs at temperatures ranging from 60 to 80°C at a molar ratio (alcohol to oil) of 6:1. Further increase in temperature is reported to have a negative effect on the conversion. Studies have indicated that given enough time, trans-esterification can proceed satisfactorily at ambient temperatures in the case of the alkaline catalyst. It was observed that biodiesel recovery was affected at very low temperatures (just like low ambient temperatures in cold weather) but conversion was almost unaffected.

4.4.3  Ratio of alcohol to oil: Another important variable affecting the yield of ester is the molar ratio of alcohol to vegetable oil. A molar ratio of 6:1 is normally used in industrial processes to obtain methyl ester yields higher than 98% by weight. Higher molar ratio of alcohol to oil interferes in the separation of glycerol. It was observed that lower molar ratios required more reaction time. With higher molar ratios, conversion increased but recovery decreased due to poor separation of glycerol. It was found that optimum molar ratios depend upon type & quality of oil.

4.4.4  Catalyst type and concentration: Sodium hydroxides are among the most efficient catalysts used for this purpose, although potassium hydroxide and sodium hydroxide can also be used. Trans methylations occur many folds faster in the presence of an alkaline catalyst than those catalyzed by the same amount of acidic catalyst. Most commercial trans-esterification is conducted with alkaline catalysts. The alkaline catalyst concentration in the range of 0.5 to 1% by weight, yields 94 to 99% conversion of vegetable oil into esters. Further, increase in catalyst concentration does not increase the conversion and it adds to extra costs because it is necessary to remove it from the reaction medium at the end. It was observed that higher amounts of sodium hydroxide catalyst were required for higher FFA oil. Otherwise higher amount of sodium hydroxide resulted in reduced recovery.

4.4.5. Mixing intensity: The mixing effect is most significant during trans-esterification reaction. As the single phase is established, mixing becomes insignificant. The understanding of the mixing effects on the kinetics of the trans-esterification process is a valuable tool in the process scale-up and design. 

4.4.6  Purity of reactants: Impurities present in the oil also affect conversion levels. Under the same conditions, 67 to 84% conversion into esters can be obtained, using crude vegetable oils, compared with 94 to 97% when using refined oils. The free fatty acids in the original oils interfere with the catalyst. However, under conditions of high temperature and pressure this problem can be overcome. It was observed that crude oils were equally good compared to refined oils for production of biodiesel. However, the oils should be properly filtered. Oil quality is very important in this regard. The oil settled at the bottom during storage may give lesser biodiesel recovery because of accumulation of impurities like wax etc.

4.5   Raw material and its quality for the production of biodiesel


4.5.1  Oil: The oil must be moisture-free because every molecule of water destroys a molecule of the catalyst thus decreasing its concentration. The free fatty acid content should be less than 1%. It was observed that lesser the FFA in oil better is the biodiesel recovery. Higher FFA oil can also be used but the biodiesel recovery will depend upon type of oil and amount of sodium/Potassium hydroxide used. Any sediment would collect at the bottom of the reaction vessel during glycerol settling and at the liquid interface during washing. This would interfere with the separation of the phases and may tend to promote emulsion formation.

4.5.2  Alcohol: Methanol or ethanol can be used. As with the oil, the water affects the extent of conversion enough to prevent the separation of glycerol from the reaction mixture.

4.5.3  Catalyst: Sodium or potassium hydroxide. Best results are obtained, if the catalyst is 85% potassium hydroxide. Best grades of potassium hydroxide have 14-15% water, which can not be removed. It should be low in carbonate, because the carbonate is not an efficient catalyst and may cause cloudiness in the final ester. Sodium hydroxide pellets have given very good results. Because quantity of catalyst used is quite less, good quality catalyst (in-spite of high cost) can be used.

4.6
Blending of Esters & Diesel

Blending conventional Diesel Fuel (DF) with esters (usually methyl esters) of vegetable oils is presently the most common form of biodiesel. The most common ratio is 80% conventional diesel fuel and 20% vegetable oil ester, also termed "B20," indicating the 20% level of biodiesel. There have been numerous reports that significant emission reductions are achieved with these blends.

No engine problems were reported in larger-scale tests. Fuel economy was comparable to Diesel fuel. Consumption of biodiesel blend being only 2-5% higher than that of Diesel fuel  Another advantage of biodiesel blends is the simplicity of fuel preparation, which only requires mixing of the components. Ester blends have been reported to be stable, for example, a blend of 20% oil with 80% Diesel fuel did not separate at room temperature over a period of 3 months. Several studies have shown that diesel/biodiesel blends reduce smoke opacity, particulate, un-burnt hydrocarbons, carbon dioxide and carbon monoxide emissions, but nitrous monoxide emissions are slightly increased. One limitation to the use of biodiesel is its tendency to crystallize at low temperatures below 0°C. Such crystals can plug fuel lines and filters, causing problems in fuel pumping and engine operation.  Additives can be used for low temperature storage and pumping.

Methyl and ethyl esters of vegetable oils will crystallize and separate from diesel at temperatures often experienced in winter time operation. One solution to this problem may be the use of branched-chain esters, such as isopropyl esters. The isopropyl esters of soya bean oil crystallize 7 to 11°C lower than the corresponding methyl 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.

CHAPTER-5

REACTORS
The reactor plays a pivotal role in any chemical process. Not only can a good reactor design improve productivity and reactor safety, but it can also influence the reactor effluent stream in such a way that the cost of the overall process can be reduced considerably. 

5.1 Types of Reactor [51]

a. Batch Reactor :

The reactants are initially charged into a container, are well mixed and left to react   for a certain period. The resultant charge is discharged. This is an unsteady state operation where composition changes with time. 
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b. Steady Flow Reactor

Plug flow Reactor

The flow of fluid through the reactor is orderlywith no element of fluid overtaking or mixing with any other element ahead or behind. Actually there may be lateral mixing of  fluid in a plug flow reactor.  However there must be no mixing or diffusion along the flow path. The necessary condition for plug flow is for the residence time in the reactor to be same for all elements of fluid. It is also know as Slug flow Reactor/ Piston Flow Reactor/ Ideal tabular Reactor/ Unmixed flow Reactor
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      Mixing flow reactor/ Constant flow stirred tank reactor (CFSTR)

It is a reactor in which the contents are well stirred and uniform throughout. Thus the exit stream from this reactor has the same composition as the fluid within the reactor.
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c. Semi Batch Reactor

The semi batch reactor is a flexible system. In Semi Batch Reactor, volume and compositions can be changed individually/ both. It offers good control of reaction speed because the reaction proceeds as reactants are added. 
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5.2 Factor affecting the performance of semi batch reactor [51]

The performance of mixing flow and semi batch reactor depends on the contacting pattern, Kinetics, temperature, pressure and composition.

Contacting pattern : Contacting pattern or how fluids flow through and contact each other in the reactor. In also depends on how early or late they mix, their clumpiness or state of aggression. 

Kinetics : Kinetics or how fast things happen. If very fast, then enquiliburm tells what will leave the reactor. If not so fast, then the rate of chemical reaction and maybe heat and mass transfer too will determine what will happen.

Temperature : The temperature in the reactor increase or decrease the reaction rate. The flash point of the fluid should also be considered.

Pressure : The higher pressure in the reactor helps to reduce the reaction time. 

Composition :  The composition of fluids in the reactor affect the reaction time.

5.3 Analysis of technologies with reference to Indian resources & requirements

a. India has rich and abundant forest resources with a wide range of plants and oilseeds. The production of these oilseeds can be stepped up many folds if the government takes the decision to use them for producing diesel fuels. Economical feasibility of biodiesel depends on the price of the crude petroleum and the cost of transporting diesel to long distances to remote markets in India. Further, the strict regulations on the aromatics and sulphur contents in diesel fuels will result in higher cost of production of conventional diesel fuels.

b. The production of methyl esters from edible oils is currently much more expensive than hydrocarbon-based diesel fuels due to the relatively high costs of vegetable oils. The cost of biodiesel can be reduced if we consider non-edible oils, and used frying oils instead of edible oils. Non-edible oils such as neem, mahua, karanja, babassu, jatropha, etc. are easily available in many parts of the world including India, and are very cheap compared to edible oils. The potential availability of some non-edible oils in India is given below:

Non-edible oil sources of India [20]

	Oil
	Botanical name
	Potential (Tons)
	Utilized (Tons)
	% utilization

	Rice bran
	Oryza sativa
	474,000
	101,000
	21

	Sal
	Shorea robusta
	720,000
	23,000
	3

	Neem
	Melia azadirachta
	400,000
	20,000
	6

	Karanj
	Pongamia glabra
	135,000
	8,000
	6

	 Ratanjyot
	Jatropha curcas
	
	
	


c. With the mushrooming of fast food centers and restaurants in India, it is expected that considerable amounts of used-frying oils will be discarded into the drains. These can be used for making biodiesel, thus helping to reduce the cost of water treatment in the sewerage system and assisting in the recycling of resources.

d. Acid oil, which is cheaper than both raw and refined oils, is a major by-product of the alkali refining industries and is a potential raw material for making biodiesel.

e.  Biodiesel can be used as a pure fuel or blend with petroleum diesel depending on the economics and emissions.

f. In India, non-edible oils are likely the preferred feed stock. The trans-esterification of non-edible oils has been studied extensively with a view to produce biodiesel.

 
Data on oil characteristics, their behavior in trans-esterification and quality of biodiesel produced from each oil is available for application of this process such as: catalysts (basic, acidic, homogeneous / heterogeneous); continuous / batch operation; scale of operation; by products valuation and utilization.

Studies conducted with biodiesel on engines have shown substantial reduction in Particulate matter (25–50%) due to higher oxygen content in biodiesel. A marginal increase in NOx (1-6%) is also reported. It may be noted that the marginal increase in NOx 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 Polysaturated Aromatic Hydrocarbons etc were also found to be lower. Biodiesel is reported to have superior lubricity, its effect on lubricity needs to be quantified for typical Indian feed stocks. Flash point of biodiesel is high (> 100oC). Its blending with diesel fuel can be utilized to increase the flash point of diesel particularly in India where flash point is 35oC, well below the world average of 55oC. 

The viscosity of biodiesel is higher (1.9 to 6.0 cSt) and reported to result into gum formation on injector, cylinder liner etc. 5-20% biodiesel can be used with Diesel without any engine modifications. 

Methyl esters have high cetane number leading to low engine operating noise and good starting characteristics. 

Apart from benefit in terms of emissions, the use of biodiesel is also reported to give excess carbon deposit on injector, liner etc and the results in various studies had also confirmed this problem. 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. 

The salient features to be considered while using biodiesel are 

1 Biodiesel provides approximately 5-7% less energy than distillate fuels. One should not change the engine rating to compensate for the power loss in order to avoid engine problems. 

2 At low ambient temperatures, the fuel system may require heated fuel lines, filters and tanks. Biodiesel has poor oxidation stability, which may accelerate fuel oxidation in the fuel system. Oxidation stability additive has to be used to avoid long term storage problem. 

The comparison of properties of Jatropha curcas  oil and diesel oil [20]
	Specification
	Standard specification of Jatropha curcas oil
	Standard specification of Diesel

	Specific gravity
	0.9186
	0.82/0.84

	Flash point
	240/110°C
	50°C

	Carbon residue
	0.64
	0.15 or less

	Cetane value
	51.0
	50.0 up

	Distillation point
	295°C
	350°C

	Kinematics Viscosity
	50.73 cs
	2.7 cs up

	Sulpher %
	0.13 %
	1.2 % or less

	Calorific value
	9,470 kcal/kg
	10,170 kcal/kg

	Pour point
	8°C
	10°C

	Colour 
	4.0
	4 or less


5.4  Plants in operation/ under construction

Different technologies are currently available and used in the industrial production of biodiesel, which is sold under different trademarks. For example, there are the Italian processes Novamont, and the French IFP as given in Table [9]

Various standards for Biodiesel
	
	Reaction conditions

	
	P (atm)
	T (0C)
	Catalyst
	Mode of operation

	Comprimo/Vogel and Noot
	1
	Ambient
	KOH
	Batch

	Idaho University
	1
	Ambient
	KOH
	Batch

	Novamont/ Technimont
	1
	>Ambient
	Organic
	Batch

	Conneman/Feld and Hahn
	1
	60-70
	NaOH
	Continuous

	Lurgi
	1
	60-70
	Alkaline
	Continuous

	IFP/sofiproteal
	1
	50-130
	Alkaline/acid
	Batch

	Gratech
	3.5
	95
	
	Continuous

	Desmet
	50
	200
	Nonalkaline
	Continuous

	Indian Institute of Chemical Technology, Hyderabad, India
	
	
	Catalyst free
	Batch

	Indian institute of Petroleum, Dehradun, India
	
	
	(a)Base catalyst,

 (b) Acid catalyst
	Batch

	Punjab Agricultural University, Ludhiana, India
	1
	55-60oC
	NaOH pellets
	Batch


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 as given in Table. A total of 85 plants were identified including a few pilot plants, over 30 small capacity plants (500-3000 tons) mostly with farmers’ co-operative as owner and several big plants in the capacity range of 10,000 to 120,000 tons. Of these, 44 plants were in Western Europe with Italy as the leading country with 11 plants, 29 plants in Eastern Europe with Czech being the leading country with 16 plants, 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.
Biodiesel Plants Around the Globe[9]
	Country
	Number of Plants
	Location
	Total annual Capacity, tonnes
	Oils used

	Austria
	11(1)
	Aschach, Bruck, Pischelsdorf
	56,200-60,000
	Used Frying Oil

	Belgium
	3
	Feluy, Seneffe
	241,000
	-

	Canada
	1
	Saskatoon
	-
	-

	Czechoslovakia
	17(1)
	Mydlovary, Olomouc
	42,500-45,000
	Used Frying Oil

	Denmark
	3
	Otterup, Jutland
	32,000
	-

	France
	7(1)
	Rouen, Compiegne, Boussens, Peronne, Verdun, Nogentsurseine
	38,100
	-

	Germany
	8(4)
	Leer, Dusseldorf, Kiel, Barby, Germunden, Thuringia
	207,000
	-

	Hungary
	17(6)
	Visnye, Gyor
	18,880
	-

	Ireland
	1
	-
	5000
	Used Frying Oil

	Italy
	9(4)
	Livomo, Cittadi, Casleto, Milano, Solbiate, Napoli, Bari, Ancona, Brescia
	779,000
	SunflowerOil

	Nicaragua
	1
	-
	-
	Jatropha oil

	Slovak Republic
	10(1)
	-
	50,500-51,500
	-

	Spain
	1
	Bilbao
	500
	-

	Sweden
	3(1)
	Gothenborg, Skane, Orebro
	75,000
	-

	Switzerland
	1
	Geneva
	2000
	-

	U.K.
	1
	East Dusham
	-
	-

	U.S.A.
	40(3)
	Midwest, Chicago, Quincy
	190,000
	Used frying oil

	Yugoslavia
	2
	-
	5000
	-


*figure within parenthesis indicate the number of plants under construction. 

CHAPTER-6

Design of Biodiesel Reactor

The biodiesel production process consists of five sections:

1. One or Two stage reaction to make biodiesel

2. Separation of the biodiesel layer after each stage in the reaction

3. Water wash of the biodiesel

4. Methanol and water recovery from biodiesel and byproducts

5. Methanol and water purification by distillation for reuse in the process
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Schematic diagram of production of biodiesel

Generally plastic buckets, steel drums and other similar ways are used for producing in the smaller quantity. For producing biodiesel in large scale to meet the future requirement, it is necessary to design biodiesel reactor which will efficiently use methanol/ethanol and had provision for its recovery, efficient, safe to operate and  requires minimum maintenance. 
A batch reactor to produce 100 Kg of Biodiesel using electric immersion heater and efficient use of methanol/ethanol by injecting from bottom of tank through a U-shaped pipe and retrieving excess methanol/ethanol in condenser is explained below for following samples.

1. Rapeseed Oil

2. Soyabean Oil
3. Jatropha Oil 
4. Karanji Oil

5. Cottonseed Oil

6. Ideal Oil (Diesel)  

5.1.1  Reactor 

Reactor Size  

The required reactor volume is calculated considering 

a) Volume of the oil 

b) Volume of Methanol/ethanol added during the process

c) Volume of  other equipments like heater, injector, motor shaft etc., submerged in the oil which will increase the level of oil.

d) Increase in the level of oil due to centrifugal force will rotating.

e) Maximise the utilization of methanol/ethanol
f) Minimum vibration of reactor while running at a higher speed.

Considering 10 to 20 % Methanol/Ethanol required during Transesterification process as per different type of Oils, Reactor has been designed for 100 Kg Oil and 25 Kg Methanol/Ethanol for five types of oils.


Motor Shaft
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Sample 1.  Rape Seed Oil

             
                        Oil  Specific gravity  : 0.966 

                                              Methanol/Ethanol     : 0.796/794 
	Oil Quantity 
	= 100 kg

	Oil Volume (m3) (V1)
	=  Oil quantity / density          

=    100/(0.966*1000)

=   0.1042 m3

	Methanol/ethanol Quantity
	= 25 kg

	Methanol/ ethanol Volume (V2)
	=  quantity / density          

=   25/(0.796*1000)   (Methanol)      

=  0.032 m3

Or

=  quantity / density          

=   25/(0.794*1000)   (Ethanol)      

=  0.032 m3

	Assuming  diameter of tank (d)


	= 0.3 m



	Initial height of oil in the tank (l1)


	=  volume of oil/area of tank

=   0.1042/ (π⁄4*0.32)

= 1.474 m = 1474 mm

	Increase in oil level by motor shaft (V3)
	=π⁄4*(0.0252)*1.474                                                            =  0.000723
 m3 

	Increase in oil level by  by the ejector (V4)
	= π⁄4 *0.015* π*0.2

= 0.00011 m3 

	Increase in oil level by catalyst,  shaft fins, heater and other parts (V5)
	= 0.00010 m3  (approx)



	Increase in height of oil  after considering methanol/ethanol addition and other parts (l2)
	=  (V2 +V3+V4+ V5)/Area of tank

= (0.032+0.000723+0.00011+0.0001)/Area

= (0.032933)/ (π⁄4*0.32)

= 0.466 m= 466.00 mm

	Height of oil level(l)
	= 1474+466

= 1940.00 mm 


Raise in the oil level due to rotation of oil in the tank 

Considering a fluid element ABCD rotating in the horizontal plane about axis perpendicular to the plane of paper and passing through O.

      
             w

                                                    2                                                            B


                                                                                      r1                 A           p+(p/(r*∆r

  
                       P ∆A

                                  1                            z2                O      ∆(                 D       C

                                                              

                                                         z1
            r2 




                          r
Let  r= radius of element from O
      ∆(= Angle suspended by the element at O

      ∆r = radial thickness of the element

      ∆A = area of cross section of element

Force acting in radial direction 

i) Pressure force p∆A in the face AD

ii) Pressuce force (p+ (p/(r ∆r) ∆A on the face BC

iii) Centrifugal force  (mv2/r) acting in the direction away from the center O
Equating the force in the radial direction 

(p+(p/(r ∆r) ∆A-p∆A = mv2/r

(p/(r= ρ v2/r                                                      -------------------(i)

Force acting in radial direction 

i) Pressure force p∆A1 in the face AB

ii) Pressuce force (p+(p/(z ∆z) ∆A1 on the face CD

iii) Head  force  mg 

Equating the force in the vertical direction

(p+(p/(z ∆z) ∆A1-p∆A1 = -mg = - ρ g ∆A1 ∆z

(p/(z= - ρ g                                                   --------------------(ii)

Since P varies with respect to r and z, total derivative of P

dp= (p/(r dr+(p/(z dz

equating for (i) and (ii), 

dp = ρ v2/r dr- ρ g dz

dp= ρ w2r dr- pg dz

Integrating with limit from point  1 to 2

p2-p1= ρ w2(r22-r12)/2- ρg (z2-z1)

z2-z1=w2r22/(2g)                                                 (Since P1=P2  and r1=0)

Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 

z2-z1 = w2r22/(2g)

         =  10.472  * 0.152   /(2*9,81)

         =   0.126 m

Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.126/2 = 0.063m  = 63.00 mm

Oil level in the tank = 1940.00+63.00 = 2003.00 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 

z2-z1 = w2r22/(2g)

         =  20.942  * 0.152   /(2*9.81)

         =  0.503 m

Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         =0.503/2 = 0.251m  = 251.00 mm

Oil level in the tank = 1940.00+251.00 = 2191.00 mm

Since height of tank without considering the motor and condenser proposed to be fitted on the top to the reactor, is more then 5-6 times of diameter of tank, loading of oil will be difficult and vibration will be more while running at higher speed.  It is considered to increase the diameter of tank from 0.3 m to 0.4 m. 
	Assuming diameter of tank (d)


	= 0.4 m



	Initial height of oil in the tank (l3)


	=  volume of oil/area of tank

=   0.1042/ (π⁄4*0.42)

= 0.829 m = 829.00 mm

	Increase in oil level by motor shaft (V6)
	=π⁄4*(0.0252)*0.829                                                            =  0.000407
 m3 

	Increase in height of oil  after considering methanol/ethanol addition and other parts (l2)
	=  (V2 +V3+V4+ V5)/Area of tank

= (0.032+0.000407+0.00011+0.0001)/Area

= (0.03262)/ (π⁄4*0.42)

= 0.260 m= 260.00 mm

	Height of oil level(l)
	= 829.00+260.00

= 1089.00 mm 


Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 
z2-z1 = w2r22/(2g)

         =  10.472  * 0.22   /(2*9,81)

         =  0.171 m

Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.171/2 = 0.0855m  = 85.5 mm
Oil level in the tank = 1089.00+85.50 = 1174.50 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 
z2-z1 = w2r22/(2g)

         =  20.942  * 0.22   /(2*9.81)

         =   0.684 m

Rise in the oil level due to rotation =  (z2-z1 )/2 

                                                        =  0.684/2 = 0.342m  = 342 mm

Oil level in the tank = 1089.00+342.00 = 1431.00 mm

Diameter of tank = 400.00 mm
Height of tank =  1431 mm

Thichness of tank

Pressure acting of the wall of tank,  form  equation (i)

dp/dr = ρ v2/r = ρ w2 r

p = (ρ w2 r2)/2 

    =  966*20.942  * 0.22 /2

    =  8471.50 N/m2
Centrifugal stress acting on the tank 

Fc=pr/t

     = 8471.50*0.2/0.003 

     = 0.565 Mpa                                    (assuming  t = 3 mm)

Since the centrifugal stress is less then the shear stress of stainless steel but considering the corrosive nature on methonal/ethonal and ease availability of 5 mm thickness sheet, the same has been considered.

Thickness of tank = 5 mm 

Sample 2. 
Soyabean

                                                Oil  Specific gravity : 0.9239

                                                Methanol/Ethanol     : 0.796/794

	Oil Quantity 
	= 100 Kg

	Oil Volume (m3) (V6)
	=  Oil quantity / density          

=    100/(0.9239*1000)

=    0.1082  m3

	Methanol Quantity
	= 25 Kg

	Methanol Volume (V7)
	=  quantity / density          

=   25/(0.796*1000)   (Methanol)      

=  0.032 m3

Or

=  quantity / density          

=   25/(0.794*1000)   (Ethanol)      

=  0.032 m3

	Diameter of tank (d)


	= 0.4 m



	Initial height of oil in the tank 


	=  volume of oil/area of tank

=   0.1082/ (π⁄4*0.42)

= 0.861 m = 861 mm


	Increase in oil level by motor shaft (V8)
	=π⁄4*(0.0252)*0.861                                                            =  0.00042 m3 


	Increase in oi level by  by the ejector (V9)
	= π⁄4 *0.015* π*0.2

= 0.00011 m3

	Increase in oi level by catalyst,  shaft fins, heater and other parts (V10)
	= 0.00010 m3  (approx)

	Increase in height of oil  after considering methanol addition and other parts (l2)
	=  (V7 +V8+V9 +V10)/Area of tank

= (0.032+0.00042+0.00011+0.00010)/Area

=  0.0326 /(π⁄4*0.42)

=   0.260 m= 260.00  mm

	Height of oil level
	=   861.00+260.00  

=    1121.00 mm 

	Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 

z2-z1 = w2r22/(2g)

         =  10.472  * 0.22   /(2*9,81)

         =  0.171 m

Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.171/2 = 0.0855m  = 85.5 mm

Oil level in the tank = 1121.00 +85.50 = 1206.50 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 
z2-z1 = w2r22/(2g)

         =  20.942  * 0.22   /(2*9.81)

         =   0.684 m
Rise in the oil level due to rotation =  (z2-z1 )/2 

                                                        =  0.684/2 = 0.342m  = 342 mm

Oil level in the tank = 1121.00+342.00 = 1463.00 mm

Diameter of tank = 400.00 mm

Height of tank =  1363.00 mm

Thichness of tank

Pressure acting of the wall of tank,  form  equation (i)

dp/dr = ρ v2/r = ρ w2 r

p = (ρ w2 r2)/2 

   =  923.9*20.942  * 0.22 /2

   =  8102.30 N/m2
Centrifugal stress acting on the tank 

Fc=pr/t

     = 8102.30*0.2/0.005 

     = 0.324 Mpa                                    (taking t = 5 mm)

Since the centrifugal stress is less then the shear stress of stainless steel, Reactor will be safer.


Sample 3. 
Jatropha 
                                                Oil  Specific gravity : 0.918
                                                Methanol/Ethanol     : 0.796/794

	Oil Quantity 
	= 100 Kg

	Oil Volume (m3) (V11)
	=  Oil quantity / density          

=    100/(0.918*1000)

=    0.1089  m3

	Methanol Quantity
	= 25 Kg

	Methanol Volume (V12)
	=  quantity / density          

=   25/(0.796*1000)   (Methanol)      

=  0.032 m3

Or

=  quantity / density          

=   25/(0.794*1000)   (Ethanol)      

=  0.032 m3

	Diameter of tank (d)


	= 0.4 m



	Initial height of oil in the tank 


	=  volume of oil/area of tank

=   0.1089/ (π⁄4*0.42)

= 0.867 m = 867 mm

	Increase in oil level by motor shaft (V13)
	=π⁄4*(0.0252)*0.867                                                            =  0.00043 m3 

	Increase in oi level by  by the ejector (V14)
	= π⁄4 *0.015* π*0.2

= 0.00011 m3

	Increase in oi level by catalyst,  shaft fins, heater and other parts (V15)
	= 0.00010 m3  (approx)

	Increase in height of oil  after considering methanol addition and other parts (l2)
	=  (V12 +V13+V14 +V15)/Area of tank

= (0.032+0.00043+0.00011+0.00010)/Area

=  0.0326 /(π⁄4*0.42)

=   0.260 m= 260.00  mm


	Height of oil level
	=   867.00+260.00  

=    1127.00 mm 


	Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 

z2-z1 = w2r22/(2g)

         =  10.472  * 0.22   /(2*9,81)

         =  0.171 m

Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.171/2 = 0.0855m  = 85.5 mm

Oil level in the tank = 1127.00 +85.50 = 1212.50 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 

z2-z1 = w2r22/(2g)

         =  20.942  * 0.22   /(2*9.81)

         =   0.684 m

Rise in the oil level due to rotation =  (z2-z1 )/2 

                                                        =  0.684/2 = 0.342m  = 342 mm

Oil level in the tank = 1127.00+342.00 = 1469.00 mm

Diameter of tank = 400.00 mm

Height of tank =  1469.00 mm

Thichness of tank

Pressure acting of the wall of tank,  form  equation (i)

dp/dr = ρ v2/r = ρ w2 r

p = (ρ w2 r2)/2 

   =  918.0*20.942  * 0.22 /2

   =  8050.56 N/m2
Centrifugal stress acting on the tank 

Fc=pr/t

     = 8050.56*0.2/0.005 

     = 0.322 Mpa                                    (taking t = 5 mm)

Since the centrifugal stress is less then the shear stress of stainless steel, Reactor will be safer.


Sample 4. 
Karanji Oil 

                                                Oil  Specific gravity : 0.910

                                                Methanol/Ethanol     : 0.796/794

	      Oil Quantity 
	= 100 Kg

	Oil Volume (m3) (V16)
	=  Oil quantity / density          

=    100/(0.910*1000)

=    0.1099  m3


	Methanol Quantity
	= 25 Kg

	Methanol Volume (V17)
	=  quantity / density          

=   25/(0.796*1000)   (Methanol)      

=  0.032 m3

Or
=  quantity / density          

=   25/(0.794*1000)   (Ethanol)      

=  0.032 m3

	Diameter of tank 


	= 0.4 m

	Initial height of oil in the tank 


	=  volume of oil/area of tank

=   0.1099/ (π⁄4*0.42)

= 0.874 m = 874 mm

	Increase in oil level by motor shaft (V18)
	=π⁄4*(0.0252)*0.874                                                            =  0.00043 m3 

	Increase in oi level by  by the ejector (V19)
	= π⁄4 *0.015* π*0.2

= 0.00011 m3

	Increase in oi level by catalyst,  shaft fins, heater and other parts (V20)
	= 0.00010 m3  (approx)

	Increase in height of oil  after considering methanol addition and other parts (l2)
	=  (V17 +V18+V19 +V20)/Area of tank

= (0.032+0.00043+0.00011+0.00010)/Area

=  0.03263/(π⁄4*0.42)

=   0.260 m= 260.00  mm

	Height of oil level
	=   874.00+260.00  

=    1134.00 mm 

	Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 

z2-z1 = w2r22/(2g)

         =  10.472  * 0.22   /(2*9,81)

         =  0.171 m
Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.171/2 = 0.0855m  = 85.5 mm
Oil level in the tank = 1134.00 +85.50 = 1219.50 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 

z2-z1 = w2r22/(2g)

         =  20.942  * 0.22   /(2*9.81)

         =   0.684 m

Rise in the oil level due to rotation =  (z2-z1 )/2 

                                                        =  0.684/2 = 0.342m  = 342 mm

Oil level in the tank = 1134.00+342.00 = 1476.00 mm

Diameter of tank = 400.00 mm

Height of tank =  1476.00 mm

Thichness of tank

Pressure acting of the wall of tank,  form  equation (i)

dp/dr = ρ v2/r = ρ w2 r

p = (ρ w2 r2)/2 

   =  910*20.942  * 0.22 /2

   =  7980.40 N/m2
Centrifugal stress acting on the tank 

Fc=pr/t
     = 7980.40*0.2/0.005 

     = 0.319 Mpa                                    (taking t = 5 mm)

Since the centrifugal stress is less then the shear stress of stainless steel, Reactor will be safer.


Sample 5. 
Cottonseed Oil  

                                                Oil  Specific gravity : 0.892

                                                Methanol/Ethanol     : 0.796/794

	      Oil Quantity 
	= 100 Kg

	Oil Volume (m3) (V21)
	=  Oil quantity / density          

=    100/(0.892*1000)

=    0.1121  m3

	Methanol Quantity
	= 25 Kg

	Methanol Volume (V22)
	=  quantity / density          

=   25/(0.796*1000)   (Methanol)      

=  0.032 m3

Or

=  quantity / density          

=   25/(0.794*1000)   (Ethanol)      

=  0.032 m3

	Diameter of tank 


	= 0.4 m

	Initial height of oil in the tank 


	=  volume of oil/area of tank

=   0.1121/ (π⁄4*0.42)

= 0.892 m = 892 mm

	Increase in oil level by motor shaft (V23)
	=π⁄4*(0.0252)*0.892                                                            =  0.00044 m3 


	Increase in oi level by  by the ejector (V24)
	= π⁄4 *0.015* π*0.2

= 0.00011 m3

	Increase in oi level by catalyst,  shaft fins, heater and other parts (V25)
	= 0.00010 m3  (approx)

	Increase in height of oil  after considering methanol addition and other parts 
	=  (V22 +V23+V24 +V25)/Area of tank

= (0.032+0.00044+0.00011+0.00010)/Area

=  0.03265/(π⁄4*0.42)

=   0.260 m= 260.00  mm

	Height of oil level
	=   892.00+260.00  

=    1152.00 mm 

	Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 
z2-z1 = w2r22/(2g)

         =  10.472  * 0.22   /(2*9,81)

         =  0.171 m
Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.171/2 = 0.0855m  = 85.5 mm

Oil level in the tank = 1152.00 +85.50 = 1237.50 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 

z2-z1 = w2r22/(2g)

         =  20.942  * 0.22   /(2*9.81)

         =   0.684 m

Rise in the oil level due to rotation =  (z2-z1 )/2 

                                                        =  0.684/2 = 0.342m  = 342 mm

Oil level in the tank = 1152.00+342.00 = 1494.00 mm

Diameter of tank = 400.00 mm

Height of tank =  1494.00 mm

Thichness of tank

Pressure acting of the wall of tank,  form  equation (i)

dp/dr = ρ v2/r = ρ w2 r

p = (ρ w2 r2)/2 

   =  892*20.942  * 0.22 /2

   =  7822.55 N/m2
Centrifugal stress acting on the tank 

Fc=pr/t

     = 7822.55*0.2/0.005 

     = 0.313 Mpa                                    (taking t = 5 mm)

Since the centrifugal stress is less then the shear stress of stainless steel, Reactor will be safer.


Sample 6. 
Ideal Oil (Diesel) 

                                                Oil  Specific gravity : 0.845
                                                Methanol/Ethanol     : 0.796/794

	      Oil Quantity 
	= 100 Kg

	Oil Volume (m3) (V26)
	=  Oil quantity / density          

=    100/(0.845*1000)

=    0.1183  m3

	Methanol Quantity
	= 25 Kg

	Methanol Volume (V27)
	=  quantity / density          

=   25/(0.796*1000)   (Methanol)      

=  0.032 m3

Or

=  quantity / density          

=   25/(0.794*1000)   (Ethanol)      

=  0.032 m3

	Diameter of tank 


	= 0.4 m

	Initial height of oil in the tank 


	=  volume of oil/area of tank

=   0.1183/ (π⁄4*0.42)

= 0.942 m = 942 mm

	Increase in oil level by motor shaft (V28)
	=π⁄4*(0.0252)*0.942                                                            =  0.000462 m3 

	Increase in oi level by  by the ejector (V29)
	= π⁄4 *0.015* π*0.2

= 0.00011 m3

	Increase in oi level by catalyst,  shaft fins, heater and other parts (V30)
	= 0.00010 m3  (approx)

	Increase in height of oil  after considering methanol addition and other parts 
	=  (V27 +V28+V29 +V30)/Area of tank

= (0.032+0.000462+0.00011+0.00010)/Area

=  0.03267/(π⁄4*0.42)

=   0.260 m= 260.00  mm

	Height of oil level
	=   942.00+260.00  

=    1202.00 mm 


	Oil level in the tank when oil is rotating with the motor shaft with no friction losses between oil layers 

a) Case 1   N=100 rpm

w =  2πN/60

   =  2 * 3.14 * 100/60

   =  10.47 
z2-z1 = w2r22/(2g)

         =  10.472  * 0.22   /(2*9,81)

         =  0.171 m

Rise in the oil level due to rotation = (z2-z1 )/2 

                                                         = 0.171/2 = 0.0855m  = 85.5 mm

Oil level in the tank = 1202.00 +85.50 = 1287.50 mm

b) Case 2   N= 200 rpm

w =  2πN/60

   =  2 * 3.14 * 200/60

   =  20.94 
z2-z1 = w2r22/(2g)

         =  20.942  * 0.22   /(2*9.81)

         =   0.684 m
Rise in the oil level due to rotation =  (z2-z1 )/2 

                                                        =  0.684/2 = 0.342m  = 342 mm

Oil level in the tank = 1202.00+342.00 = 1544.00 mm

Diameter of tank = 400.00 mm

Height of tank =  1544.00 mm

Thichness of tank

Pressure acting of the wall of tank,  form  equation (i)

dp/dr = ρ v2/r = ρ w2 r

p = (ρ w2 r2)/2 

   =  845*20.942  * 0.22 /2

   =  7410.37 N/m2
Centrifugal stress acting on the tank 

Fc=pr/t

     = 7410.37*0.2/0.005 

     = 0.296 Mpa                                    (taking t = 5 mm)

Since the centrifugal stress is less then the shear stress of stainless steel, Reactor will be safer.


Summary of six different samples

	Sample
	Sample 1
	Sample 2
	Sample 3
	Sample 4
	Sample 5
	Sample 6
	Considered

	Oil
	Rapeseed
	Soyabean
	Jatropha
	Karanji
	Cottenseed
	Ideal (Diesel)
	

	Sp.Gravity
	0.966
	0.9239
	0.918
	0.910
	0.892
	0.845
	

	Diameter (mm)
	400.00
	400.00
	400.00
	400.00
	400.00
	400.00
	400.00

	Initial level of Oil in the tank (mm)
	829.00
	861.00
	867.00
	874.00
	892.00
	942.00
	

	Raise in oil level due to rotation at 200 rpm
	342.00
	342.00
	342.00
	342.00
	342.00
	342.00
	

	Maximum height of oil in the tank (mm)
	1431.00
	1463.00
	1469.00
	1476.00
	1494.00
	1544.00
	1800.00**

	Thickness (mm)
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00

	Pressure generated in the tank due to oil rotation (KN/m2)
	8.471
	8.102
	8.051
	7.980
	7.822
	7.410
	


* Maximum height of oil in the tank considering methanol/ethanol added, increase in oil level due to submerged heater, injector etc.
** Considering Motor and Condenser to be fitted at the top and pressure generated/ developed due to evaporation of oil/methanol/ethanol/moisture, height of reactor should be taken on safer side. Approximately height of reactor shall be 1800 mm. 

Insulation 
In order to maintain the temperature required during the process, it is proposed to cover the reactor tank with asbestos. 

Critical thickness rc =k/h                   (k= 0.166 W/m K  and h= 8.7 W/m2K)  

                                =19mm

Thickness of insulation = 20 mm

The reactor is covered with asbestos for 20 mm thickness. 
Motor for mixing of Oil and methanol/ethanol 

For proper mixing of oil, catalyst and methanol/ethanol, electric motor 1.0 h.p with reduction gear box and regulator for controlling the speed of motor shaft shall be used. 

Motor shaft speed should not exceed 200 rpm. RPM more than the permissible limit will increase oil level in the reactor and can enter the condenser. Further it will increase vibration in the unit, pressure and stress in the tank. 



Motor shaft


Bearing




Motor shaft are supported by the two ball bearings fixed in top and bottom plates to avoid the vibration of shaft.

Alternate fins(straps) are placed at 90 degree direction  for producing turbulence in the reactor for proper mixing. Two size, 150mm and 100 mm length stainless steel straps are welded to the shaft alternately. Angle of +5 deg and – 5 deg are given to straps for proper mixing. 

Heater for heating of Oil and Methanol/Ethanol.

Heat added during the process =  mcp(Ta-To)

                                                 = 100*1.15*(110-25)

                                                 =  9775 J  

It take approximately 30-35 minutes for heating the oil to 110 oC  through a 6 KW Heater. For reducing the time required for heating the oil, 2 Heater (6 KW each) shall be used for heating the oil to 110 oC. Approximate time for heating the oil will be 10-12 minutes.  

Temperature of the oil is control by the thermostat. 

View Points 
Two view points, one at the 800 mm and other at 150 mm top  are made for visual inspection of the reaction taking place inside the reactor.

Support to the reactor 
Considering the weight of the reactor and Oil in the reactor, pressure and centrifugal force produced during running and for avoiding vibration, Reactor is bolted to ground with three support legs fabricated with 10 mm steel plates tightly holding  the reactor.
5.1.2   Injector  

Main constraint in the biodiesel production is the time required for reaction which leads to

a) High vaporization of methanol/ethanol.

b) Methanol/ethanol does not come in contact with the oil at the bottom of the reactor  and remains un-reacted.

c) Methanol/ethanol is not full utilized.

d) Reaction time is very high

e) Methanol/ethanol catch spontaneous fire while mixing at higher temperature from the top of the tank.  

The reaction time can be drastically reduced by increasing the interfacial area between methanol/ethanol. It is proposed that injecting methanol/ethanol from a U-shaped pipe having hole of 2 mm, from the bottom of tank at pressure, will help to

a) Methanol/ethanol droplet will reduce the reaction time significantly due to increased interfacial area between Methanol/ethanol and Oil.
b) Methanol/ethanol will not catch fire.
c) Oil at the bottom of the tank will take part in reaction.
d) Methanol/ethanol supply can be controlled as per the requirement.
e) Vaporization of methanol/ethanol will be marginal
 If the methanol is injected into the hot oil through small holes the solubility of methanol/ethanol in oil rises rapidly as the boiling point of methanol is approached. And if the oil is heated above the boiling point of methanol/ethanol 65-70 deg C, the hydrostatic pressure of the reactor will keeps the methanol/ethanol liquid up to about 70-75 deg C.
This can be achieved by a feed pipe having small holes 2 mm diameter holes in it to break down the stream of methanol/ethanol and increase interfacial area between the liquids. The use of a injector will reduce  violent mixing required while mixing the methanol/ethanol form the top of the tank. Just gentle mixing will be sufficient. 

Pressure for methanol/ethanol        = Pressure acting on bottom 

                      = pressure head + pressure due to rotation 

                      = ((g π r2 h+(/4 w2 π r4)/(area of tank)

                      = ((966*9.81* π*0.22*1.8)+(966*20.942 *π*0.22 )/4) / Area of tank

                = (2143.52+ 13307.01)/ (π⁄4*0.42) 

                =  15450.52/  (π⁄4*0.42)

                = 0.123 Mpa

Pressure required for pumping = 0.123 Mpa

Flow and pressure of the methanol/ethanol is controlled by the ball type two way valve. For measuring the pressure of methanol/ethanol Bourdons type pressure gauge can be used.  
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5.1.3  Condenser and cooling tank

A major feature of the design is the provision of a condenser on the vapour outlet from the reactor. This ensures that the reactor is not pressurised and that most of the vapour is condensed and returned to the methanol/ethanol tank with the water seperation filter. At 60 deg C, most of the methanol is captured by the oil and the glycerol. As a result, very little methanol is being condensed out of the vapour during normal operation as a reactor. In a separate operation  biodiesel and glycerol is heated to recover excess methanol/ethanol. 

                                                                                                       Pipe


                                                                                                   Outer shell

                                                                                              Two way valve

                  Methanol/ethanol/ 

                    water vapour

                                                                                    Condensed                                                                                                                

                                                                                 Methanol/ethanol/water

The boiling temperature of methanol/ethanol is 65-70oC.  Water is pumped through the condenser to keep the temperature inside the condenser between 35-40oC. Condensed methanol/ethanol is send to the methanol/ethanol tank through filter for separation of water.

Hot water coming out of the condenser is cooled through evaporative condensation in the cooling water tank.
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5.2   Processor details

          5.2.1    Reactor 

The reactor measures dia 400 mm and 1800 mm high made of stainless steel sheet thickness of 5 mm. The end of the sheet are welded in the vetical direction . 

Reactor is closed in the top and bottom with the 5mm stainless steel plate and 16 bolts each side. Bolting the tank at the top and bottom will help for washing the reactor in future.

The tank is supported on three steel straps in the bottom to provided stability to the tank and help in discharging the oil/glycerol.

Motor shaft is supported in the tank with two bearings, one seating on the bottom plate and other fixed in the top plate. 

Six fins are welded on the motor shaft.
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For  electrical connections a special control box is made for regulating the motor and maintaining the temperature in the reactor. Electric motor/heater/pumps are controlled via on/off switches provided in the control box.

The two immersion heater is welded to the bottom plate of the tank. 

Drain hole is made on the on the opposite side of the immersion heater for draining Bio-diesel/Glycerol. 

5.2.2  Methanol/ethanol Tank

It is a 30 l tank made of 5 mm stainless steel sheet , dia 250 mm and 500mm high. Catalyst is mixed in the tank as per the oil.
Calibrated glass tube is attached to the tank to measure the discharge of methanol.

The methanol is pumped to the reactor through the 0.5 h.p pump. The pump is in-line with the drain. 

The flow to the reactor is controlled with the ball valve. 
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The pressure generated by the pump is controlled through a regulator provided in a separate control box. The pressure generated in checked with a Bourdon tube pressure gauge.
5.2.3    Settling Tank/Washing tank

It is a 150 Kg tank, dia  600 mm  and 1100 mm high made up of stainless steel, 5 mm thickness. The tank  is supported in the three steel rods.

Once it has settled, the glycerine is drained off via ball valve.

Water 10 l is pumped into the settling tank for washing of Bio-diesel and mixed with a stirrer manually. After stirrering for 10-15 minutes Bio-diesel/water mixture is left for settling.  
The settling tank is useful to add-on to increase capacity.

The settling tank make a batch of biodiesel in the reactor and as soon as it's processed transfer it to the settling tank to settle, and then brew a second batch in the reactor, effectively doubling the output capacity.
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While using NaOH instead of KOH, glycerine is more likely to harden. With the 3 KW heater set extremely low in the tank it can be turned on to loosen up glycerine that has hardened at the bottom.

5.2.4    Condenser  

The condenser is made of stainless steel sheet 5 mm thickness and and 1 mm dia steel pipes. 
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5.2.5   Cooling Tower

It consists of a water tank, a sprayer and a 0.5 h.p pump, ball valve and hose pipe. The cleaned 50 l oil tank easy available can be used as water tank.  
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The hot water from the condenser in supplied to cooling tower through the pipe to the sprayer.  The droplets coming from the sprayer get cooled in the atmosphere due to evaporative condensation.

Water from the cooling tower can be used for washing of Biodiesel.

CHAPTER-7

OPERATION OF BIODIESEL REACTOR 
      7.1 Operation of Biodiesel Reactor

1. Check that all the valves on the processor are in closed Position. 

2. Filter the oil is separate steel/plastic buckets with  steel-mesh strainer.

3. Decant 100 Kg of into the tank using a 25-litre steel-bucket/plastic. At the top, marks the 20 kg level so it takes five buckets. 

4. It should be ensured that minimum volume is about 25 Kg so that the heaters are not exposed to the air.

5. Switch on the heater with setting thermostat at 110oC. 

6. Heat the oil to processing temperature.

7. Switch on the stirrer and set to about 60 rpm to help heat transfer. 

8. Cap on the top of the tank is kept opened while heating the oil. Water particulates in the oil will get vaporized and discharged from the cap opening.  

9. Switch on the water pump for condensing the water vapour in the condenser. 

10. It take approximately 15-20 minutes to heat the oil with full capacity of 100 Kg. 

11. Thermostat is readjusted to 70 oC. 

12. It take approximately 10-15 minutes for the oil of cool to 70oC with the stirrer running.

13. The condensed water is drained from the condenser. 

14. The screw cap on the top of the tank is closed and methanol/ethanol pump is started.

15. The pressure is checked in the bourdon tube type pressure gauge fitted on the pipe and the pressure is control through the regulator.

16. The required amount of sulphuric acid or phosphoric acid  is mixed with methanol/ethanol tank. 

17. Time taken for mixing KOH, potassium hydroxide is lesser then the NaOH, sodium hydroxide.

18. The ball valve is turned for supplying the methanol/ethanol.

19. When 25 appropriate amount of methanol/ethanol has been added, isolate the methanol feed pipe with the ball-valve and shut down the feed pump.

20. Allow at least 30 minutes for the reaction to complete before turning off the heater and 20 minutes  for recovering excess methanol/ethanol from the  biodiesel and glycerol.

21. Methanol/ethanol vapour is condensed in the condenser and is collected in a separate flask. 

22. Methanol/ethanol is mixed in the methanol tank after separation of water.

23. The hot water coming out of condenser is cooled through evaporative condensation through a sprayer in the same cooling tank.
24. Glycerol will start to settle out so stirrer shall be turned off.

25. Biodiesel/glycerol is discharded to the settling tank.

26. Allow to glycerol to settle. 

27. When NAOH instead of KOH is  used, Glycerol is more likely to hared. With 3 KW heater, it can be loosen up.

28. Glycerol from the settling tank is discharged.

29. Water from the cooling tank is pumped to settling tank for washing Biodiesel. 

30. Stir gently for 5-10 minutes.

31. Shut down the water feed pump after adding 10 l water.

32. Allow 5-6 hours for biodiesel to settle down.

7.2
Estimate cost of Bio-diesel  reactor

	Sl No
	Material
	Capacity
	Material
	Value

in Rs

	
	
	
	
	

	1
	Reactor vessel
	125 ltrs (400X1800,  5 mm)
	Stainless steel
	4500.00

	2
	Settling Vessel
	150 Ltrs (600X1100, 5 mm)
	Stainless steel
	5000.00

	3
	Catalyst Vessel
	30 ltrs
	Stainless steel
	2000.00

	4
	Cooling water vessel
	50 ltrs
	Mild Steel
	1000.00

	5
	Electric motor with reduction gear box
	1 h.p
	
	2000.00

	6.
	Pump (Methanol)
	0.5 h.p
	
	2000.00

	7
	Pump (water)
	0.5 h.p
	
	1200.00

	8
	Heater (3 Nos)
	2 Nos. 6 KW, 1 No 3 KW
	
	2000.00

	9
	Seamless pipe
	
	Stainless steel
	600.00

	10
	Mech. Valve (6 Nos)
	
	
	300.00

	11
	Insulation material
	
	Asbestos
	800.00

	12
	Pressure gauge (1 No)
	
	
	450.00

	13
	Bearing (2 Nos.)
	
	
	150.00

	14
	Plastic pipe and sprayer
	
	
	200.00

	15
	Water separator and filter
	
	
	800.00

	16
	Frame, support and miscellanous
	
	
	1000.00

	17
	Thermostat
	
	
	1000.00

	18
	Relay and switch
	
	
	850.00

	19
	Wiring and electrical miscellaneous
	
	
	600.00

	
	Total 
	
	
	26450.00


CHAPTER-8

CONCLUSION

The main conclusion of the present study and project work is that a  Medium size batch reactor can be manufactured for rural application with the proposed design. The silent features are given below :

1 The injection of the Methanol/Ethanol through the 2 mm holes in the tank will reduce the wastage of Methanol/ethanol.

2  The excess methanol/ethanol can be recovered through heating the glycerol and Biodiesel in the tank and condensing vaporized methanol/ethanol in the condenser. 

3 This Batch reactor can be used for all types of edible/non-edible oil for producing Biodiesel.

4 Using two-three 100 L settling tank, this reactor can be used for mass production.

5 The instantaneous fire while mixing Methanol/Ethanol can be eliminated by injecting the Methanol/ethanol from the bottom of the tank through the 2 mm holes.

6 The temperature of the oil can be controlled through a thermostat.

7 Time required of Oil and Methanol/Ethanol  mixing is reduced.

Future Development ;

8 The reactor can be modified with providing clockwise and anti clockwise rotations to stirrer for better mixing.

9 The pressure in the reactor can be increased to reduce the reaction time.

10 Electronic temperature indicator can be provided for fine control in the Methanol/ethanol injection.
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