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ABSTRACT 

World energy demand is increasing day by day because of the reasons like industrialization 

growth, increasing population, expanding urbanization and economic growth. To fulfil this energy 

demand, currently we are relying on the fossil fuels which according to the scientists will not last 

long. Except that because of the high usage of fossil fuels problems like environmental pollution, 

greenhouse effect and global warming are also big concerns. So to counter this problem, we need 

an alternative fuel. Biodiesel is one such fuel which can be used as a replacement to diesel fuel. 

Diesel, a fossil fuel, is widely used for applications like transportation, industries and power 

production. Biodiesel is a renewable, biodegradable and comparatively cheaper fuel than diesel 

oil. Non-edible oil is cheaper than edible oil and does not affect the availability of edible oil in 

markets. In this research work we are using ternary blends. In ternary blends mahua methyl ester, 

neem methyl ester and diesel oil have been used. In the experimental setup, a single cylinder 4 

stroke water cooled diesel engine has been used. Which are connected with the eddy current 

dynamometer and gas analyzer, which measured the exhaust emission gas like CO, UHC, and 

NOx. Initially the engine was run with diesel fiiel and check the performance and exhaust emission 

of the diesel engine. After that engine was run with ternary blends (BIO, B20, B30, B40 and B50) 

and the performance and exhaust emission of the diesel engine was checked. Test was conducted 

over entire range of engine operation at varying load conditions. The engine performance 

parameters such as fuel consumption, brake thermal efficiency, brake specific fiiel consumption, 

brake power and exhaust emission characteristics have been measured. The experimental results 

prove that the use of ternary blends of mahua methyl ester, neem methyl ester and diesel oil are an 

alternative to diesel fuel and it is also to environment friendly. 
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CHAPTER 1 

INTRODUCTION 

Recently biodiesel is increasing the attention as an alternative source of energy in the world mainly 

because of its lesser pollutant nature to environment as compared to diesel fuel. The major 

problems in the world are environment protection and global warming. And the reason behind 

these problems is increasing use of fossil fuels. At present, biodiesel is produced mainly by edible 

vegetable oils and non-edible vegetable oils. Currently, greater amount of edible oils are used 

compared to non-edible oils for biodiesel production which makes edible oils costly for daily use. 

So using edible oil as biodiesel feedstock is not appropriate. On the other hand, non-edible oils are 

easily available and can be cultivated in non-agricultural land. Also they can't be used in daily life 

as frequently as edible oils which makes them cheaper. Diesel fuel is used for transportation, power 

generation and many other applications like industrial and agriculture uses [1]. The major problem 

associated with the use of diesel fuel is production of harmful gases like CO (carbon monoxide), 

CO2 (carbon dioxide), NOx (nitrogen oxides) and UHC (unbumt hydrocarbons). That is why the 

requirement of an alternate fuel other than diesel arises to fulfill the energy demand and save the 

environment. At present, use of non-edible oil also known as 2°'' generation feedstock for biodiesel 

production is under development [2]. The main problem of the non-edible vegetable oil is high 

viscosity, high free fatty acid (FFA) content and production of carbon deposit [3]. To reduce the 

viscosity and density, we use four processes namely (i) Transesterification process (ii) Blending 

(iii) Micro emulsion process (iv) Pyrolysis process. Transesterification process is most commonly 

used for biodiesel production [4,5]. Because of high free fatty acid content present in non-edible 

vegetable oils, direct transesterification is not possible, we need to first etherify the non-edible 

vegetable oils and then transesterify it. Generally non-edible oils used for biodiesel production are 

karanja oil, jafropha oil, maduca indica oil, cotton seed oil, polanga oil etc. India has a large 

feedstock of non-edible vegetable oils. Non-edible oil is non-toxic and eco-friendly to 

environment. Among the non-edible seeds produced in India, mahua oil is the most preferred 

because of its high oil content and biodiesel yield. From madhuca indica seeds mahua oil can be 

extracted which have similar properties as diesel but some properties such as kinematic viscosity. 



flash point and ignition point is very high in mahua oil. By transesterification process, mahua oil 

can be converted into biodiesel and viscosity is reduced by this process. The research works related 

to the use of methyl/ethyl esters obtained from mahua oil in direct injection engines established 

different results. As the availability of mahua oil and oil seeds is found to be less at this point of 

time, a certain percentage of biodiesel can be replaced by some other second generation biofuels. 

The second generation biofuels are derived from different organic substances, using 

thermochemical or biochemical processes. Important thermochemical conversion processes 

include pyrolysis and gasification, while biochemical conversion includes anaerobic digestion. 

One distinct advantage with second generation biofiiel is that, any organic substance other than 

the feed stocks used for the production of first generation biofuels, can be converted into useful 

energy and value added products. This perhaps ensures that the waste is converted into energy thus 

reducing the disposal of wastes that are available in large quantity. Alternative source of fuel also 

lies in plastic. In India 56 lakh tones of plastics are generated each year and only 60% of it is 

recycled. Safe method of disposing the waste plastic has not yet been implemented. At the same 

time, waste plastics have created a very serious environmental challenge because of their huge 

quantities and their disposal problems. Waste plastic includes polythene, PVC, nylon, teflon, waste 

tyres, rubber, electronic scrap, plastic or rubber parts from vehicles etc. Waste plastic causes 

serious health problems, so its proper disposal is necessary to reduce the dumping quantity and 

also to decrease health problems. One way of utilization of plastic waste is to get oil by heating in 

oxygen free environment. This oil has similar properties as that of diesel and can be used as fuel 

in diesel engine [6]. But in this research work we are using ternary blends as like a mahua methyl 

ester (mahua biodiesel), neem methyl ester (neem biodiesel) and diesel oil. Ternary blend are used 

in a single cylinder 4 stroke diesel engine, it gives the good performance and also less pollutants, 

non-toxic and environment friendly. So Ternary blend is one of the best option for using as an 

alternative diesel fiiel. 

1.1 Energy Scenario: Worid 

Due to high rate of energy consumption, the world has been confronted with energy crisis. 

According to the International Energy Agency (lEA) report, global energy demand is set to grow 

by 37% by 2040 [7]. So, this situation will become worse in future. In the past 30 years, due to 



industrialization, the transportation sector has experienced a steady growth especially due to the 

increasing population and increasing numbers of vehicles around the world. It has been estimated 

that the global transportation energy use is expected to increase by an average of 1.8% per year 

from 2005 to 2035 [8]. Globally, the transportation sector is the second largest energy consuming 

sector after the industrial sector and accounts for 30% of the world's total delivered energy. It is 

believed that this sector is currently responsible for nearly 60%) of world oil demand and will be 

the strongest growing energy demand sector in the future [9]. Coal, oil and natural gas are the main 

sources of energy in the world. Coal, nuclear and hydro is most widely used for electricity 

production in world. Oil and natural gas are used for heating, cooking and transportation. Nearly 

all fossil fuel energy consumption in the transportation sector is from oil (97.6%)), with a small 

amount from natural gas. Between 2006 and 2030, around three quarters of the projected increase 

in oil demand is expected to come from this sector [7]. The use of renewable resources of energy 

like solar, wind, geothermal etc. has been increased in recent years. Many international and 

national governing bodies on energy have mandate many rales and regulations for use of 

renewable energy sources. 

Fig 1.1 shows the different sources of energy, in the past and projected consumption for future 

provided by Energy Information Administration (EIA) [8,10]. Figure shows that the consumption 

of oil and coal will increase at faster rate in near future. 

World Energy Sources 
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Fig 1.1: Different Sources of Energy 
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The vast production and consumption of energy have caused bad consequences and resulted in 

severe environmental impacts across the world. The supply of energy is expected to remain 

sufficient in coming years. But energy consumption in world is highly imbalanced. Developed 

countries consume much more energy than developing countries. Developing countries are 

increasing their energy consumption rate to ensure economic growth. Due to limited reserves of 

fossil fuels and severe environmental consequences of exhaust gases from fossil fuels, attention 

has been focused on developing the renewable or alternate fiiels to replace the petroleum based 

fuels for transport vehicles. There are several alternative sources of fuel like vegetable oils, biogas, 

biomass, primary alcohols which are all renewable in nature [9]. A great deal of research has been 

conducted on their feasibility as alternative fuels for diesel engine. Due to increasing oil prices, 

alternative fuels and renewable energy sources have become attractive. 

1.2 Energy Scenario: India 

India is one of the fastest developing countries with a stable economic growth, which multiplies 

the demand for transportation in many folds. Fuel consumption is directly proportionate to this 

demand. India depends mainly on imported fuels due to lack of fossil fuel reserves and it has a 

great impact on economy. India has to look for an alternative to sustain the growth rate. Most of 

the current energy requirements in India are fulfilled by fossil fuels - coal, petroleum-based 

products and natural gas. In India, 95% of transportation energy is provided by oil and the demand 

for diesel is five times higher than the petrol demand. It was estimated that for sustaining India's 

8% average annual economic growth and to support its growing population. India currently ranked 

as world's 11* greatest energy producer, accounting for about 2.4% of the world's total annual 

energy production, while it ranks as the world's sixth greatest energy consumer, accounting for 

about 3.3% of the world's total annual energy consumption. India is one of the countries where 

the present level of energy consumption, by world standards, is very low. . India imports on an 

average 80% of total demand of crude oil. It is one of the main reasons of GDP expense. However, 

the availability of seeds is limited, discouraging the use of biodiesel. The government of India has 

already launched a biodiesel programme in the year 2003, to increase biodiesel production. 



1.3 Future Energy Situation 

The increasing demand of energy is responsible for increasing exploration and production of fossil 

fiiels. The energy demand of developing countries i.e. India are increasing at faster rate. The fossil 

fuels reserves in the world are limited. If the oil production continues at the present rate, it is 

enough to last for 50 years only. The coal may last for 130 years. The fossil fiiels will become 

scarce and price of fossil fiiels will increase at higher rate in near fiiture. Definitely, there will be 

more focused approach on sustainable energy. This will lead to the more research on renewable 

and environmental friendly energy sources in fiiture to mitigate the energy shortage due to 

diminishing reserves of fossil fiiels. 

1.4 Biofuels: An Alternative 

The coal and oil are non-renewable resources which are in limited reserves and usages of fossil 

fiiel is increasing at faster rate. So it is need of hour to focus on alternative energy resources. Bio-

fiiels emerged as an alternative resource of energy in recent years. Many countries have initiated 

programmes to use bio-fiiels for energy production. There are many types of bio-products and bio-

waste through which bio-fiiels can be obtained. Many countries are using edible and non-edible 

oils as a fuel in compression ignition engines. European countries are using rape seed oils, 

Malaysia is using coconut oil and USA is using soya bean oil as an alternative fiiel for C.I. engines. 

India imports considerable amount of edible oils. So, India can't use edible oils as an alternative 

for C.I. engines. So emphasis is given on non-edible oils as alternative fiiels. These can be got 

from plants like jatropha, neem, karanja, mahua etc. Among the non-edible seeds produced in 

India, jatropha is the most preferred because of its high oil content and biodiesel yield. Oil 

produced from jatropha can be directly used in diesel engine without modification. Being derived 

from waste plastic material, Biofiiel produced has similar properties that of diesel and can be used 

as alternate fiiel in diesel engine. 

1.5 Biodiesel Feedstock 

Approximately 350+ oil bearing plants and trees has been explored across the world [11] which 

can be categorised as shown in table 1.1. 



Currently most of the biodiesel is being generated using edible vegetable oils and because of that, 

the market demand of edible oils has increased significantly initiating the fuel versus food debate 

in the world. Then there is second generation of feedstock which includes non-edible oils. These 

are rather cost effective and available in abundance hence using them instead of edible oils, we 

can solve the high cost and increasing demand problems associated with edible oils. Presently 

third generation of feedstock for biodiesel production is under development which includes 

biodiesel production from microalgae. Researchers have reported that microalgae contain highest 

amoimt of oil content compared to other feedstock [12]. Another category of feedstock includes 

waste cooking oil. 

Table 1.1 

S.N. 

1 

2 

3 

4 

5 

: Feedstock Categories [13,14,15] 

Feedstock 

Edible oil 

Non-edible oil 

Waste oil 

Animal fat oil 

Microalgae 

Example 

Use Vegetable oil, Palm, sunflower, 
soyabean, coconut oils 

Pongamia Pinnata, Rape Seed, karanja, 
Jatropha, neem, mahua oil 

Waste cooking oil 

Beef tallow. Chicken fat, pork lard, Fish 
oil 

Algae 

1.6 Various Feedstock for Biodiesel in India 

1) Fish Oil 

2) Neem Oil 

3) Karanja Oil 

4) Jatropha Oil 

5) Sal Seed Oil 

6) Rubber Seed Oil 



7) MahuaOil 

8) PahnOil 

9) Cotton Seed Oil 

10) Rape Seed Oil 

11) Soyabean Oil 

12) Sunflower Oil 

13) Castor Oil 

14) Used Vegetable Oil 

15) Rice Bran Oil 

16) Animal Fats/Tallows 

1.7 Method of Production of Biodiesel 

• Thermalcracking (Pyrolysis): Pyrolysis, defined as the conversion of one substance into 

another by means of heat or by heat with the aid of a catalyst [16]. It involves heating in 

the absence of air or oxygen and cleavage of chemical bonds to yield small molecules 

[17]. The chemistry of pyrolysis is difficult to characterize because of different rate of 

reaction and different products at the end of reaction. Pyrolyzed material can be vegetable 

oils, animal fats, natural fatty acids and methyl esters of fatty acids. The equipment for 

thermal cracking and pyrolysis is expensive. The products obtained from this process are 

chemically similar to petroleum-derived gasoline and diesel fuels. This process lowers the 

viscosity, flash point and pour point of product obtained. It also lowers the cetane number. 

The disadvantage of this process is that oxygen is removed at the end of the reaction which 

removes the environmental benefits of using oxygenated fuels. 

• Microemulsification: A microemulsion is defined as a colloidal equilibrium dispersion 

of optically isotropic fluid microstructures with dimensions generally in the 1±150 nm 

range formed spontaneously from two normally immiscible liquids [18]. This process 



reduces the higher viscosity of vegetable oils. Micro emulsions of vegetable oils can be 

prepared with solvents such as methanol, ethanol, 1-butanol etc. Spray characteristics of 

oil are improved after this process. 

Dilution: Direct use of vegetable oils or the use of blends of the oils has been considered 

to be not satisfactory and impractical for both direct and indirect diesel engines. The high 

viscosity, high acid composition, high free fatty acid content, as well as gum formation 

due to oxidation and polymerization during storage and combustion, carbon deposits and 

lubricating oil thickening are some problems which are encoimtered by the direct use of 

vegetable oils or the use of blends in the DI engines. 

Transesterification: Transesterification (also called alcoholysis) is the reaction of fatty 

oil with an alcohol to form esters and glycerol. A catalyst is usually used to improve the 

reaction rate and yield. Because the reaction is reversible, excess alcohol is used to shift 

the equilibrium to the products side. The transesterification reaction with alcohol in 

presence of a catalyst is given below. 

CH2-OOC-R1 Ri-GOO-R CH2-OH 

Catalyst 
CH-OOC-R2 + 3R0H 

CH2—OOC—R3 

R-^COO-R + CH-OH 

Ra-GDO-R CH2—OH 

Triglyceride Alcohol Fatty methyl ester Glycerol 

Transesterification reaction [19] 

The alcohols which are used in this process are methanol, ethanol, propanol, 

butanol and amyl alcohol. Methanol and ethanol are used most frequently, especially 

methanol because of its low cost and its physical and chemical advantages. Methanol can 

quickly react with the triglycerides and the catalyst like NaOH is easily dissolved in it. 

Generally, to complete a transesterification stoichiometrically, a 3:1 molar ratio of alcohol 

to triglycerides is needed, hi practice, the ratio needs to be higher to drive the equilibrium 
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to a maximum ester yield. The reaction can be catalysed by alkalis, acids or enzymes. The 

alkalis include NaOH, KOH, carbonates and corresponding sodium and potassium 

alkoxides such as sodium methoxide, sodium ethoxide, sodium propoxide and sodium 

butoxide. Sulfuric acid, sulfonic acids and hydrochloric acid are usually used as acid 

catalysts. Lipases also can be used as biocatalyst [20]. Alkali-catalysed transesterification 

is much faster than acid-catalysed transesterification and is most often used commercially. 

This process raised the cloud point and pour point. The process is used with oils having 

less fatty acid content and generally preferred over all other processes for the biodiesel 

production. 

1.8 Properties of Biodiesel 

Biodiesels are characterized by their viscosity, density, cetane number, cloud and pour points, 

distillation range, flash point, ash content, sulfur content, carbon residue, acid value, copper 

corrosion, and higher heating value (HHV). The most important variables affecting the ester yield 

during the transesterification reaction are the molar ratio of alcohol to vegetable oil and reaction 

temperature. Some of the properties of the biodiesel are discussed below. 

Viscosity: Viscosity is the most important property of biodiesels since it affects the operation of 

fuel injection equipment, particularly at low temperatures when an increase in viscosity affects the 

fluidity of the fuel. High viscosity leads to poorer atomization of the fuel spray and less accurate 

operation of the fuel injectors. The conversion of triglycerides into methyl or ethyl esters through 

the transesterification process reduces the molecular weight and reduces the viscosity. Biodiesels 

have a viscosity close to that of diesel fuels. As the oil temperature increases its viscosity decreases. 

Density: Density of biodiesel is more than the diesel therefore biodiesel should be put at the top 

of diesel while using in the engine as a blend otherwise it will be not mixed properly. 

Cetane No (CN): Higher the cetane number better are the ignition properties of the fuel. The 

cetane no of biodiesel should be higher. The CN is a measure of the ignition quality of diesel fuels, 

and a high CN implies short ignition delay. The CN of biodiesel is generally higher than 

conventional diesel. The CN of biodiesel is higher because of its long fatty acid chain and more 

saturation content. The CN of biodiesel is generally higher than conventional diesel. CN no affects 

11 



performance parameters like combustion, stability, white smoke, noise and emissions of CO and 

HC. Due to higher CN, combustion efficiency of biodiesel is higher. 

Cloud Point: The CP is the temperature at which wax first becomes visible when the fuel is cooled. 

Biodiesel has higher CP than conventional diesel fuel. The specifications for the cloud point are 

not provided by the ASTM D 6751 but care should be taken while using fiiel in cold climates. 

Pour Point: It is the lowest temperature at which the fuel can flow. Biodiesel has a higher PP 

compared to conventional diesel. 

Flash Point: The temperature at which fiiel started to ignited when exposed to flame or spark .The 

flash point of biodiesel is higher than the conventional diesel fiiel. It is around 160°C for biodiesel. 

Flash point affects the combustion quality and low flash point is harmful to fuel pumps, seals. 

ASTM D 6751 specified a flash point of 130°C. 

Water Content: Water content has a negative effect on the yield of methyl esters. But it has 

positive effect on the formation of methyl ester using supercritical methanol method. 

1.9 Advantages of Biodiesel 

The advantages of biodiesel are as follows: 

It is a renewable substitute for petroleum and diesel fuels. 

It has low sulphur and aromatic content. 

It is readily available and biodegradable fuel. 

It has higher flash point than diesel. 

Its combustion efficiency is high. 

It has better lubricity properties than diesel. 

It has lower HC, CO2, CO emissions as compared to petroleum and diesel fuels. 

It has less particulate emissions than petroleum and diesel fuels. 

It is cheaper than diesel fuels. 

12 



1.10 Disadvantages of Biodiesel 

The disadvantages of biodiesel as a fuel are as follows: 

• It has higher viscosity and low energy content than diesel. 

• It has higher cloud and pour point. 

• It has higher NOx emissions as compared to diesel. 

• Some of the problems with biodiesel are injector choking. 

• High engine wear. 

1.11 Introduction of Ternary Blend 

Ternary blends were prepared using mahua biodiesel, neem biodiesel and diesel oil. Different 

blends were prepared using different proportions of biodiesels like BIO was prepared using 5% 

mahua methyl ester, 5% neem methyl ester and 90% diesel oil; B20 was prepared using 10% 

mahua biodiesel, 10% neem biodiesel and 80%i diesel oil and likewise for B30, B40 and B50. After 

blending the oils, filtration was done as shown in the Fig 1.2. 

Fig 1.2: Experimental Diagram of Filtration 
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After filtration, viscosity of all the blends were measured. The viscosity was determined at 

different temperatures using redwood viscometer (Fig 1.3). The viscosity was measured at 

different temperatures visually 50°C, 60°C and 70°C, the data is given in table 1.2. Viscosity was 

measured in redwood seconds. It can be observed from the data that as the temperature increases, 

the viscosity of ternary blends decreases. 
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Fig 1.3: Redwood Viscometer 

Table 1.2: Viscosity of Diesel and Different Blends 

Blends/Temp. 

Diesel 

BIO 

B20 

B30 

B40 

B50 

50°C 

33 

36.6 

43.5 

44.5 

54.0 

72.0 

60°C 

30 

34.6 

40.3 

40.9 

50.8 

59.0 

70°C 

27 

33.7 

37.3 

38.4 

45.5 

51.5 

After that density of the ternary blend was measured using a hydrometer (Fig 1.4). Density of 

ternary blends and pure diesel is given in table 1.3. 
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Fig 1.4: Hydrometer 

Table 1.3: Density of Diesel Oil and Ternary Blends 

Fuel 

Diesel 

BIO 

B20 

B30 

B40 

B50 

Density kg/m^ 

826.0 

855.86 

861.11 

868.68 

888.35 

898.46 

Density of biodiesel is higher than diesel oil as can be seen in the table 1.3 given above. As the 

proportion of the biodiesel in the blend increases, fiiel becomes denser. 

15 



CHAPTER 2 

LITERATURE REVIEW 

Patil et al. [21] compared the biodiesel production from edible and non-edible oils in order to 

optimize the biodiesel production process. A two-step transesterification was used for non-edible 

oil and single step transesterification process was used for edible oil. Yield of about 90-95% for 

jatropha.curcas, 80-85%) for pongamia glabra, 80-95% canola, 85-96% for com were obtained 

using KOH as a catalyst. It was founded that high free fatty acid (FFA) oils could not be 

transestrified with the alkali catalyst. Molar ratio of 6:1, 0.5%) H2SO4 acid catalyzed esterification 

process at 45°C, and 9:1,2% KOH alkali catalyzed at 60°C were favored for jatropha oil. An alkali 

transesterification process was applied to convert the canola and com oil to its esters. The 

maximum ester yield for canola and com was obtained at 1% and 2% alkali catalyst, 9:1 methanol 

to oil ratio and at 60°C and 80°C, respectively. Further research and development on some 

advanced methods such as supercritical methanol process, microwave method were suggested. 

Canakci et al. [22] investigated the use of low cost, high FFA feedstock's to obtain the biodiesel. 

Feedstock with high FFA could not be transestrified with traditional alkaline catalysts. Alkali 

catalysts form soaps with high FFA and removes the catalysts from the reaction which prevents 

the separation of glycerin and the ester. FFA content varied with the variation in molar ratio, 

reaction time and acid catalyst amount. The two step transesterification reduces the FFA content 

to less than 1%. FFA level was decreased faster by ethanol than by methanol. The acid value of 

yellow and brown grease was decreased to 2 mg KOH/g by two step acid catalyst pretreatment 

process of the mixture. In the first pretreatment step, using a 10:1 molar ratio and 30 min of reaction 

time, the acid value of the high FFA feedstock was reduced from 41.33 mg KOH/g to 1.37 mg 

KOH/g using 15% acid catalyst .NaOH as a catalyst was more effective than KOH. 

Sundarapandian and Devaradjane [23] presented a theoretical model to evaluate the 

performance characteristics, combustion parameters and emissions of vegetable oil esters like 

jatropha, mahua and neem oil esters. The predicted results of these fuels were compared with 

experimental result of diesel fuel. From the resuUs, it is found that the heat release and work done 

were reduced by about 4% for jatropha, 5% for mahua and 8% for neem oil esters when compared 
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to diesel. The harmful pollutants such as HC, CO, NOx and smoke were reduced in the vegetable 

oil esters compared to diesel fuel. From the investigation, it was concluded that the performance 

of vegetable oil esters were good. Thus the developed model was highly compatible for simulation 

work with bio diesel as an alternative fuel. 

Sampath et al. [24] investigated the pyrolysis of real waste plastics (high-density polyethylene 

and polypropylene) in a pilot scale horizontal tube reactor at 520°C temperature in the presence 

and absence of Zeolite Socony Mobil (ZSM-5) catalyst. It was found that the yields of gases, 

gasoline and light oil could be increased in the presence of catalyst. They also concluded that the 

plastic wastes could be converted into gasoline and hght oil with jnelds of 2 0 ^ 8 % and 17-36% 

respectively depending on the used parameters. 

R. Prakash and S.Murugan [25] investigated combustion and exhaust emission by blending 

wood pyrolysis oil (WPO) with karanja methyl ester (KME).They resulted that break specific 

consumption and ignition delay is reduced, CO and NO emission has slightly increased. They 

concluded that WPO blended with KME can be used in direct injection diesel engine without any 

modification. 

Jawalkar et al. [26] investigated and compared the results of performance and emissions 

characteristics of single cylinder vertical direct injection Kirloskar diesel engine by using different 

blend of mahua and linseed oil. They founded that with an increase of injection pressure, the bte 

was increased and bsfc was reduced more for mahua biodiesel in comparison to Linseed biodiesel. 

They observed that as proportion of blend is increased the brake thermal efficiency was decreased. 

They observed that, the bte of M50 was 13.49% lower than that of L50 at 160 bar pressure at full 

load. They also observed that as the proportion of blend increased the bsfc was decreased. They 

investigated that CO emissions were lower for mahua oil than from linseed oil. They also observed 

that at 20% load, the HC emission of engine were higher for mahua oil in comparison with linseed 

oil. 

Gandhi et al. [27] investigated the biodiesel production firom crude jatropha curcas oil from 

transesterification process using one step alkali catalyst. They obsei'ved the effect of different 

molar ratio like 5.5:1, 6:1, 6.75:1, 7.5:1, and 8:1 on the yield of biodiesel. They varied reaction 
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temperature from 50°C to 70°C. The maximum yield of 80.5 was observed .They founded that the 

yield was low due to the higher fatty acid content in crude jatropha curcas oil. They also observed 

that kinematic viscosity was reduced after transesterification process and the different properties 

were according to the American Society for Testing and Materials (ASTM) specifications. 

S. Murugun and A. Sharma [28] investigated the performance parameters of waste plastic oil 

(WPO). They concluded brake thermal efficiencies at all load conditions are lower as compared to 

that of diesel fuel due to the lower calorific value of waste plastic oil, exhaust gas temperature 

increases with increase in engine load. The bsfc increases with the increasing WPO blend ratio at 

all engine loads and decreases with increase in engine load. Mechanical efficiency increases with 

increasing brake power for all fuel blends. It can be seen that the mechanical efficiency for 10% B 

WPO is better than diesel fuel at all load conditions. 

The blends of WPO with diesel fuel and varying engine load are found to have significant 

influences on the NOx, HC, CO and COi emissions. The NOx emission increases with increase in 

percentage of waste plastic oil in blends and decreases with increase in engine load. 

C. Wongkhorsub and N. Chindaprasert [29] presented research work on pyrolysis oils. They 

suggested that pyrolysis oil used up to 15% in diesel gives very close results as compared to diesel. 

It is found that without engine modification, the tire pyrolysis offers better engine performance 

whereas the heating value of the plastic pyrolysis oil is higher. The use of plastic pyrolysis oil in 

diesel engine in the aspect of technical and economical is compared and found that both of the oils 

are able to replace the diesel oil. 

Buyukkaya et al. [30] investigated the experiment results to evaluate the performance, emission 

and combustion of a DI diesel engine by using different blends (B5, B20, B75) of neat rapeseed 

oil. They observed that the smoke opacity was reduced up to 60%, and brake specific fiiel 

consumption (bsfc) was increased up to 11%) compared to diesel fuel. They envisaged that CO 

emissions were reduced by 9% with B5 and 32%) with BIOO. They observed that at the maximum 

torque, bsfc was 8.5% higher and at the maximum rated power it was 8% higher than that of the 

diesel fuel. They observed that the best brake thermal efficiency of engine was achieved with B20. 
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They described that, the use of rapeseed oil as a blend had not any positive effect on bsfc of the 

engine. At the same time, they observed that NOx emissions were higher with biodiesel. 

Kumar et al. [31] investigated the operating characteristics of a single-cylinder four-stroke 

variable compression ratio engine fueled with esterified tamanu oil. They conducted the 

experiments at various loads like 0 kg, 3 kg, 6 kg, 9 kg, and 12 kg with engine speed of 1500 rpm 

and at different compression ratio from 14:1 to 18:1.They investigated the impact of compression 

ratio on fuel consumption, combustion parameters, and exhaust gas emissions .They analyzed the 

performance characteristics like specific fiiel consumption, brake power, mean effective pressure, 

brake thermal efficiencies, and exhaust gas temperature. They also studied the emission 

characteristics like hydrocarbon, nitrogen oxides, carbon monoxide, and carbon dioxide emissions. 

Aydin et al. [32] described the effects of different blends like 5% (B5), 20% (B20), and 50% (B50) 

of cottonseed oil methyl ester in a single cylinder, direct injection, air-cooled diesel engine at 

partial and fiiU load condition. They investigated the effects of blend on the engine fiiel 

consumption and exhaust emissions at 2000 rpm of engine speed. They observed that for both, 

half load engine condition and easy loaded engine operation, at 2000 rpm engine speed the bsfc of 

B5 were lower than those of others fuels. According to them at partial loads, for diesel and B5 

fuels the exhaust gas temperatures were found to be higher than those of B20 and B50 as a result 

of higher thermal efficiencies of B5 and diesel fuels. They observed that the lowest CO emissions 

were obtained for biodiesel blends, at 50%) load due to their rich oxygen content and optimal air 

fuel ratio. They stated that the NOx emissions were decreased with the use of B20 and B50 blends. 

They observed that SO2 emissions were decreased with increase on biodiesel content in the blend. 

The lowest SO2 values were found for B50 usage for all loads. 

Adaileh et al. [33] measured the performance of diesel engine fuelled by a biodiesel extracted 

from waste cooking oil for a four stroke single cylinder diesel engine loaded at variable engine 

speed between 1200-2600 rpm. According to them B20 produced significant reductions in the CO, 

HC, and smoke emissions compared with standard diesel and B5.They observed that biodiesel had 

more volumetric consumption than diesel due to its more oxygen content. They investigated that 

exhaust emissions were reduced and performance was improved with biodiesel as fuel. They also 

observed that biodiesel can be safely used in engines upto lower amount of blending upto 20%. 
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According to them after treatment of engine was required for the reduction of particulate 

emissions. They observed that NOx emissions were increased with the amount of blending and 

with the use Exhaust Gas Recirculation (EGR), these emissions could be reduced. They evaluated 

that with the increase in engine speed ftiel consumption rate, brake thermal efficiency, equivalence 

ratio, and exhaust gas temperature were increased while at the same time the bsfc, emission of 

CO2, CO and the NOx were reduced with the engine speed. 

Gumus et al. [34] studied the effects of fuel injection pressure on the exhaust emissions and brake 

specific fuel consumption (bsfc) of a direct injection (DI) diesel engine when it was fueled with 

four different injection pressure (0.18 ,0.20,0.22,0.24 bar) at different loads in terms of mean 

effective pressure. According to them there was an increase in exhaust gas temperature, smoke 

opacity, the emissions of CO2, CO and NOx when the load on the engine was increased. They 

observed that NOx emissions were increased with blend due to increase in peak pressure .They 

also observed that CO emissions, UHC emissions, smoke opacity were decreased with blend 

because of better combustion. According to them due to lower heating value of biodiesel there was 

higher bsfc than diesel. According to their observation the bsfc of higher biodiesel blend was 

decreased when the injection pressure was increased. At the end they concluded that with the 

increase in injection pressure there was decrease in smoke opacity, UHC, and CO, and CO2, O2 

and NOx were increased. 

Singh et al. [35] investigated the performance, emission and combustion characteristics of a diesel 

engine using different blends of methyl ester of karanja with mineral diesel in compression ignition 

engine. They blended karanja methyl ester with diesel in proportions of 5%, 10%, 15%, 20%, 30%, 

40%), 50% and 100% by mass. They observed that, KMEIOO had higher brake thermal efficiencies 

at all load conditions compared to that of diesel fuel. Almost all blends showed slightly better bte 

than diesel at higher load conditions. According to them the higher thermal efficiencies might be 

due to the additional lubricity provided by the fuel blends. They observed that the bsec (brake 

specific energy consumption) for KME30 was lower as compared to that of diesel fuel. The 

availability of the oxygen in the karanja methyl ester-diesel fuel blend might be the reason for this 

lower bsec. They founded that exhaust gas temperature for KMEIOO was highest .They also 

observed that for the diesel fuel; the exhaust gas temperature was the lowest among all the tested 

fuels. The exhaust gas temperature rose fi:om 135°C at no load to 347°C at full load for KMEIOO, 
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while for KME20 the exhaust gas temperature raised from 136°C at no load to 339°C at fiill load. 

They also concluded that the mechanical efficiency of KME30 was higher than diesel at lower 

loading conditions and at higher loads. 

Sivalakshmi et al. [36] studied the performance and emission characteristics of a diesel engine 

fuelled by neem oil blended with alcohols. They observed that the brake thermal efficiency was 

improved with the use of neem oil-alcohol blends with respect to those of neat neem oil. The 

smoke intensity was observed to be reduced with the blends. The NOx emission was slightly 

reduced with the use of neem oil-alcohol blends. The CO and HC emissions with neem oil alcohol 

blends were observed to be lower with respect to those of neat neem oil at higher loads. 

Yilmaz et al. [37] indicated that emissions are strongly depended on engine operating conditions 

and biofiiel concentration in the blend. Ethanol blended fuels increases CO emissions than diesel 

fiiel for all operating conditions but reduces NO emissions. Overall, lower percentages of ethanol 

in the blend, decreases HC emissions and vice versa. 

Qi et al. [38] discovered that biodiesel blended fuel in a diesel engine lower CO and smoke 

emission at higher engine load condition. But higher combustion chamber temperature increases 

the NOx slightly. 

Rao [39] found pure jatropha biodiesel (JBD) and preheated jatropha biodiesel offer lower engine 

emissions except NOx emission than that of diesel fuel. The higher NOx emissions was attributed 

to the unsaturated fatty acids as well as the advanced injection timing caused by the higher bulk 

modulus of JBD fuel. 

Saravanan et al. [40] studied that mahua oil methyl ester in a diesel engine reduces 26% carbon 

monoxide, 20% hydrocarbons, 4% NOx and 15% smoke at full load condition than diesel fuel. 

Sharma et al. [41] observed that neem biodiesel in a diesel engine reduces all the regulated engine 

emission such as HC, NOx, CO and smoke noticeably. 

Sahoo et al. [42] studied jatropha biodiesel in a tractor engine lowers HC, PM (Particulate Matter) 

and smoke emission except NOx emission. Biodiesel blended fuel in a diesel engine lower CO and 

smoke emission at higher engine load condition. 
21 



2.1 Research Gap from Literature Survey: 

Many researchers worked on blending one fuel with diesel and suggested their conclusions. Some 

of them used jatropha methyl ester, karanja oil, mahua oil and some others used waste plastic oil 

as alternate fuels. But not much work has been done on blending these two oils together with diesel 

to prepare ternary blends. 

2.2 Objective of Present Woric 

Primary objective of this research work is to investigate the behavior of diesel engine fuelled with 

blends of mahua methyl ester, neem methyl ester and diesel oil experimentally and to find out the 

best blend ratio, which gives optimum results and can be used as alternate fuel in diesel engine. 
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CHAPTER 3 

EXPERIMENTAL SETUP 

3.1 Experimental Set-Up Specifications 

The experimental setup consists of a diesel engine with dynamometer. The engine used in the 

experiment is a constant speed Kirloskar engine, four stroke, single cylinder, direct uijection 

vertical diesel engine. The engine is water cooled. The load applied on the engine is by means of 

electric loading device. The engine is mounted on concrete bed with suitable connections for water 

cooling and lubrication. The outlet temperature of water from engine is maintained at 50°C by 

adjusting the flow of the coolant. Experiments were initially started with diesel fuel and after the 

warm up condition is achieved, it was switched to biodiesel blends. The schematic arrangement of 

experimental setup is shown in Fig 3.1 and the technical specifications of the engine are given in 

table 3.1. 

Burette 

Air Box 

Exhaust gas 

Cooling Water 

Resistive load 

Fig 3.1: Schematic Diagram of Experimental Setup 
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Table 3.1: Specification Details of the Engine 

S.No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Configuration 

Make 

BHP 

Speed 

No. of cylinders 

Compression ratio 

Stroke length 

Bore 

Injection type 

Loading device 

Method of starting 

Method of cooling 

Type of ignition 

Model 

Kirloskar 

5HP 

1500 rpm 

One 

18:1 

110 mm 

80 mm 

Direct injection 

Eddy current 

dynamometer 

Manual crank shaft 

Water 

Compression ignition 

In this experiment, we used different ternary blends like BIO, B20, B30, B40, and B50 which were 

prepared by blending mahua oil methyl ester (MOME) and neem oil methyl ester (NOME) in 

different proportions with diesel. The entire experiment have been carried out under steady state 

conditions of the engine. 

The blends on which the experiments were conducted are following: 

• BIO- 5% MOME + 5% NOME + 90% diesel 

• B20- 10% MOME + 10% NOME + 80% diesel 

• B30- 15% MOME + 15% NOME + 70% diesel 
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• B40- 20% MOME + 20% NOME + 60% diesel 

• B50-25% MOME + 25% NOME + 50% diesel 

1 

•• 

*' 

^̂ ^̂ ^̂ •̂̂ ^̂  

( 

• • 

BR ff « 

1 

8 

^ B i,ii^.,'j9 

• 

9 

^ * , ^ 

i 
i 

\ 

1 

Fig 3.2: Types of Blends 

Initially engine was operated with pure diesel and then temaiy blends were used as fiiel. Using a 

dynamometer and an Ecom-D flue gas analyzer, performance and emission characteristics were 

taken. Reading were taken for each and every blend. After every blend, engine was made to run 

on pure diesel oil. 

3.2 Engine Brake Power Test 

The test was conducted to measure the performance of different neem and diesel oil blends at 

different brake power (bp). Bp is the power obtained at the shaft. The bp was measured through 

electric dynamometer. It was also used in measurement of other important parameters. 
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Fig 3.3: Photograph of Dynamometer 

3.3 Procedure 

Engine was run on under steady state condition. Time was for particular volume (20 ml) 

consumption of the ftiel (temaiy fiiel) at different loads in increasing order. Then load was 

decreased gradually and reading was taken. For all loads speed was constant. 
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Fig 3.4: Photograph of Resistive Load Control Panel 

3.4 Formulae Used 

bp{KW) = Vxl 

1000 

WhereV =Voltage in volts 

I=Current in ampere 

bp=Brake Power 

^ rt /L ^ (20ar3600x5.G.) fc (kg/hr) = ^̂  
1^ ^ "' ^ (7x1000) 
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WhereS.G.=Specific Gravity 

T=Time in Seconds 

fc=Fuel Consumption 

bsfc (Kg/KWH) = 0 

Wherebsfc=Brake Specific Fuel Consumption 

bpx 3600 
bte ^—z - — 

fc X CV 

Wherebte=Brake Thermal Efficiency 

CV=Calorific Value in kj/kg 

fc=Fuel Consumption in kg/hr 

bp=Brake Power in kw 

3.5 Emission Testing 

Engine emissions such as carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx) 

and oxygen percentage in exhaust have been analysed by E-comD flue gas analyser, under 

different load conditions. The sensor of the analyser was exposed to the engine exhaust and the 

obser\'ations were recorded for all blends, 
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Fig 3.5: riiuiugiaph of Flue Gas Analyzer 

Ecom-D flue gas analyzer was used to evaluate exhaust emission percentage. Fig 3.5 shows a 

photograph of flue gas analyzer. It has a gun which is inserted at the exhaust outlet. 
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CHAPTER 4 

RESULTS AND DISCUSIONS 

4.1 Performance Characteristics 

The results are given below which describe the performance paiameter of DI engine by using the 

mahua methyl ester, neem methyl ester and diesel oil. 

> Load vs Brake power 

> Load vs Fc 

> Load vs Bsfc 

> Load vs Brake thermal efficiency 

A. Load vs Brake Power 

Variation of brake power with various load conditions is shown in Fig 4.1. The brake power for 

diesel is 2.169 at foil load. For blends, BIO, B20, B30, B40 and B50, it is 2.2015, 2.2188, 2.2015, 

2.2015 and 2.1324 kW respectively at foil load. For 90% to 100% load, value of bp for diesel is 

lower as compared to some blends but before 90% load value of bp for diesel is higher than other 

blends. Data shows that B30 values are very close to that of diesel. 

-•-BIO B20 B30 B40 -• -B50 •-«-™DIESEL 
2.35 
2.15 

- 1.95 

^ 1.55 
o 
S 1.35 
u 
§ 1.15 

0.95 
0.75 

0 20 40 60 80 100 
ENGINE LOAD i%) 

Fig 4.1: Variation of Brake Power with Various Load Conditions 
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B. Load vs Fuel Consumption (fc) 

Variation of fuel consumption with various load conditions is shown in Fig 4.2. Fc values for 

diesel, BIO, B20, B30, B40 and B50 are 0.7899, 0.7414, 0.6926, 0.6759, 0.70085 and 0.6912 kg/hr 

respectively at full load. Data shows that, fc for B40 is very close to diesel upto 40% load, after 

that BIO is very close to diesel and other blends. 

BIO S-B20 B30 B40 •B50 "-*-DIESEL 

0.85 

0.8 

0.75 

I 0.7 

I 0.65 

0.6 

0.55 

0.5 
20 40 60 

ENGINE LOAD (%) 

80 100 

Fig 4.2: Variation of Fuel Consumption with Various Load Conditions 

C. Load vs Brake Specific Fuel Consumption (bsfc) 

Variation of brake specific fuel consumption with various load conditions is shown in Fig 4.3. 

Bsfc values for diesel, BIO, B20, B30, B40 and B50 are 0.360, 0.3367, 0.3121, 0.307, 0.3183, and 

0.3241 kg/kw.hr respectively at full load. Data shows that B30 values are very close to that of 

diesel. 
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Fig 4.3: Variation of Brake Specific Fuel Consumption with Various Load Conditions 

D. Load vs Brake thermal efficiency (bte) 

Variation of brake thennal efficiency with various load conditions are given in Fig 4.4. Bte values 

for diesel, BIO, B20, B30, B40 and B50 are 26.13, 24.43, 26.37, 27.68, 26.94 and 26.91 % at full 

load condition. Data shows that B30 values are very close upto 50% load condition after that B30 

higher to that of diesel. 
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Fig 4.4: Variation of Brake Thermal Efficiency with Various Load Conditions 

4.2 Emission Cliaracteristics 

A. Load vs Oxygen Percentage 

At variation of load the oxygen percentage are shown in Fig 4.5. Oxygen percentage at full load 

of the diesel, BIO, B20, B30, B40 and B50 are 19.5, 17, 16.8, 16.9, 16.8 and 16.5%. Data show 

that B30 value are very close to diesel oil. 
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Fig 4.5: Variation of Oxygen Percentage with Various Load Conditions 
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B. Load vs Carbon Dioxide Percentage 

With variation of load, carbon dioxide percentage are shown in the Fig 4.6. The percentage of the 

carbon dioxide at the full load condition of diesel, BIO, B20, B30, B40 and B50 are 3.8, 3, 3.1, 3, 

3.5 and 3.3%. Data show that B30 is the best blend. 
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Fig 4.6: Variation of Carbon Dioxide Percentage with Various Load Conditions 

C. Load vs Carbon Monoxide 

At variation of different loading condition, carbon monoxide are shown in Fig 4.7. At full load 

condition the carbon monoxide of diesel, BIO, B20, B30, B40 and B50 are 990, 775, 731, 735, 

805, and 978 mg/m^. Data show that B30 is better than other blends. 
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Fig 4.7; Variation of Carbon Monoxide Performance with Various Load Conditions 

D. Load vs Nitrogen Oxide (mg/m )̂ 

At different loading condition, nitrogen oxide is (mg/m^) shown in Fig 4.8. Nitrogen oxide of 

diesel, BIO, B20, B30, B40 and B50 at the full load condition are 116, 119,129, 121, 119 and 123 

mg/m^. Data show the BIO and B40 are close to diesel oil. 
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Fig 4.8: Variation of Nitrogen Oxide Performance with Various Load Conditions 
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4.3 Comparison 

1) Comparison of Ternary Blend with Binary Blend 

• Brake specific fiiel consumption of ternary blend (MOME, NOME and Diesel Oil) is 

lower than binary blend (KOME and Diesel Oil) [43]. 

• Brake thermal efficiency of ternary blend (MOME, NOME and Diesel Oil) is on higher 

side than binary blend (KOME and Diesel Oil) [44]. 

2) Comparison of different Ternary Blends (MOME, NOME and Diesel with JOME, 

KOME and Diesel Oil) 

• Brake power of MOME, NOME and Diesel is higher than JOME, KOME and Diesel Oil 

[45]. 

• Brake specific fuel consumption of MOME, NOME and Diesel is lower than JOME, 

KOME and Diesel Oil [45]. 

• Brake thermal efficiency of MOME, NOME and Diesel is lower than JOME, KOME and 

Diesel Oil [45]. 
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CHAPTER 5 

CONCLUSIONS 

In this study, experiments were conducted using ternary blends of MOME, NOME and Diesel. 

Following results has been concluded from the experimental analysis. 

> Brake Power (bp)- Brake power for diesel and all blends was increasing with load. 

Biodiesel blends and diesel have comparable bp over the entire load range. From 40% to 

60% load, there was a sharp increase in bp for diesel and all blends. The brake power for 

diesel is 2.169 kW at full load. For blends BIO, B20, B30, B40 and B50; it is 2.2015, 

2.2188, 2.2015, 2.2015 and 2.1324 kW respectively at full load. It is evident that B20 

blend shows higher value of break power at high loading conditions. 

> Fuel Consumption (fc)- The fc values for diesel, BIO, B20, B30, B40 and B50 are 

0.7899, 0.7414, 0.6926, 0.6759, 0.70085, 0.6912 kg/hr respectively at full load. Diesel 

gives higher fc than biodiesel blends over entire load range. At high engine loads, fc of 

BIO and B40 show higher values as compared to other blends. 

> Brake Specific Fuel Consumption (bsfc)- The bsfc values for diesel, BIO, B20, B30, 

B40 and B50 are 0.360, 0.3367, 0.3121, 0.307, 0.3183 and 0.3241 kg/kW.hr respectively 

at full load. From 20% to 60% load, there was a sharp decrease in bsfc values of diesel 

and all blends. At low load conditions, B20 and B30 showed low bsfc values while at high 

load conditions, BIO and B50 gave higher bsfc values compare to other blends. 

> Brake thermal efficiency (bte)- As the load increases, bte also increases. Diesel has 

highest bte for entire load range but for biodiesel blends, bte is comparable to diesel fuel. 

The bte value in percentage for diesel, BIO, B20, B30, B40 and B50 are 26.1336, 24.43, 

26.37,27.68,26.94 and 26.91 respectively at full load. Data shows that B30 and B50 gives 

higher bte values compared to other blends. 

> Carbon Monoxide (CO)- CO emission decreased drastically for biodiesel blends. For 

20% and 100% load, CO emission showed impressive decrement over other load range. 

At full load condition B20 and B30 gives the better performance compare to other blends. 
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> Oxides of Nitrogen (NOx)- It was observed from experiment that NOx emission for all 

blends was greater than diesel. At full load condition BIO and B40 gives minimum NOx 

emission compare to other blends. 

> Carbon Dioxide Emission (CO2)- The carbon dioxide emission was increasing with increase 

in load. But for all blends CO2 emission was lower than diesel for entire range of load. At full 

load condition BIO and B30 blends have shown better decrement over other blends. 

> Oxygen (%) In Exhaust- Oxygen in exhaust was lower for all ternary blends compared to 

that for diesel over entire range of load. For full load conditions, amount of oxygen for BIO 

and B30 are 17% and 16.9% respectively higher than other blends. 

> Cost factor - Biodiesel blends costs us approximately same as diesel fuel. But because of 

depleting fossil fiiel reserves, diesel cost will increase in future. Also if biodiesel production 

starts at commercial level then further cut can be observed in biodiesel prices. It is concluded 

that biodiesel blends can be used in place of diesel fuel with approximately same price as that 

of diesel. And while transesterification production of glycerol as byproduct is also an overall 

cost reducer. 

Mahua oil methyl ester (MOME), Neem oil methyl ester (NOME) and diesel as an 

alternate fuel. The performance characteristics of blends are evaluated and compared with diesel. 

The experimental results prove that the ternary blends of mahua oil methyl ester, neem oil methyl 

ester and diesel oil can be used in diesel engine as fuel. B30 values are very close to that of diesel 

and it is best substitute of diesel oil. 

Suggestion for Future Work 

The present work experimentally investigated exhaust emissions and the performance of direct 

injection diesel engine, using ternary blends of mahua methyl ester, neem methyl ester and diesel 

oil as fuel. However, there are still some issues related to this work that may be investigated. 

Suggestions for fiiture work are as follows: 

1. To investigate the performance and exhaust emissions of high capacity engine working on 

ternary blends of mahua methyl ester, neem methyl ester and diesel oil. 
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2. To investigate the better method to improve the fuel characteristics of mahua oil and neem 

oil. 

3. The study of long term stability of blends should be done as the blends prepared for this 

work were utilized within short span of time. 

4. Performance and emission studies may be done on multi cylinder, variable speed engine. 
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