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Abstract— The energy consumption of the world has been 

increasing with industrial growth. The fossil fuel is going to 

be exhausted in future because of limited reserve and it is 

estimated that by 2050 the 80% of reserve will be exhausted. 

Also various problem of emission of pollutant gases in 

environment is another issue .The other conventional 

resource like nuclear fuel is costly and big problem in the safe 

utilization. In view of the fast depletion of fossil fuel, the 

search for alternative fuels has become inevitable, looking at 

huge demand of diesel for transportation sector, agriculture 

sector, commercial sector, industrial sector and power 

generation sector, the biodiesel is being viewed a substitute 

of diesel. Therefore, in this research paper the eucalyptus oil 

which is high octane biomass derived fuel is mixed with 

diesel in different proportions by volume and used as fuel in 

four stroke single cylinder diesel engine. The performance 

and emission characteristics of the engine were studied. The 

results show the reduction in consumption of fuel as the brake 

specific fuel consumption was found to decrease. While the 

emission parameters were also improved, emissions were 

significantly reduces as the load was increasing. The brake 

specific fuel consumptions of the engine were studied. It has 

been investigated that BSFC for Eu100A and Eu100B just in 

case of Eucalyptus biodiesel was 8.18% and 4.05% below the 

given fuel for maximum load, which shows that lesser 

quantity of B100 produce power the same as diesel. Also the 

factor affecting engine performance using biodiesel like 

engine wear, engine power, deposits and clogging were 

studied. 
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I. INTRODUCTION 

With the quick development of the global economy, energy 

requirements have enhancing remarkably, mainly in 

developing countries like India. [1]. Modification in climate 

and emissions square measure of the most motivations for 

analysis of other fuels. Moreover, the atmospheric pollution 

occurred by the excessive amount of use of gasoline and 

diesel which leads to explore for environment friendly and 

renewable fuels. Bio fuels like bio diesel and alcohol are used 

as alternatives for diesel engines [2]. As another fuel for 

diesel is biodiesel which may be a carboxylic acid alkyl group 

organic compound derived from vegetable oils or animal fats. 

Several researchers have additionally claimed that it will cut 

back greenhouse gas emissions. Some scientists have pointed 

that it promotes rural development, and improve financial 

gain distribution. However the previous researchers have 

conclude that it is enough to chemical reaction for biodiesel 

which may lead to insoluble gums and sediments which will 

impact filter and it will have an effect on sturdiness of engine 

[3].World fossil fuel resources such as crude oil, natural gas 

and coal are decreasing at alarming rate due to the increasing 

demand for fossil fuel across the globe. As per indian energies 

scenario, energy demand is expected to reach 166 MT by 

2019 and presently 79 % of crude oil is imported to meet the 

demand.Against the overall trend in growth of the indian 

economy, the energy requirement continued to increase 

during this phase. The fuel of bio- origin can provide a 

feasible solution to this worldwide petroleum fuel crisis [4] 

Renewable energy sources are indigenous, and can therefore 

contribute to reducing dependency on oil imports and 

increasing  security of supply. The bio fuel policy aims to 

promote the use in the transport of fuels made from biomass, 

as well as another renewable fuels. Bio fuels  provide the 

prospect of new economic opportunities for people in rural 

areas  in oil importer and developing countries. The central 

policy of bio fuel concerns job creation, greater efficiency in 

the business environment, and protection of the 

environment.[5] An alternative to diesel should be torrential, 

economically low cost, environmentally acceptable, and 

simply accessible technically. The current alternative fuel to 

diesel can be referred to as biodiesel. Bio fuels have another 

advantage likewise, which can embrace reduction in green 

house gas emissions, structure and regional development to 

several countries [6]. A balance between agriculture, 

economic development, and also the setting can be sought-

after by exploitation the biodiesel [7]. It improves the 

lubrication properties of the mix diesel oil. It additionally 

reduces long term engine wear in diesel engines for future. 

Biodiesel additionally has a smart lubricating substance 

property that is about 66% better than petro diesel [8] 

A. Distribution of Petroleum Products in India 

 
Fig. 1: Distribution of Petroleum Products in India during 

2011-12[9] 

In 2011-12, Asian country was found to be the fourth largest 

client within whole world of fossil fuel and fossil fuel, when 

the U.S., Russia, and China. India’s energy demand 

continuing to rise in spite of deceleration world economy. 
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Crude oil demand within the transport sector is anticipated to 

grow speedily within the coming back years with speedy 

enlargement of car possession. Ministry has set a goal for 

biodiesel to satisfy 200 of diesel demand of India. Initiative 

of state has resulted in giant scale plantation of J.curcas 

within the state Andhra Pradesh. Oil associated fossil fuel 

Corporation has plan to create an export headed works at 

Kakinada in Andhra Pradesh which can have an annual 

production capability of five.5–7.5 million tonnes  [9]. 

The main objective of this work is to study the 

emission parameters mainly exhaust parameters like 

hydrocarbon emissions, oxides of carbon (CO & CO2) and 

oxides of nitrogen (NOx) and to analyse  performance 

parameters like BSFC at various loads. Also the factor 

affecting engine performance using biodiesel like engine 

wear, engine power, deposits and clogging were studied. 

Hence an attempt has been made to replace the Diesel in 

single multi cylinder diesel engine with some percentage of 

Eucalyptus oil. 

 Types of Fuels: Basically there are three types of fuels 

on which an internal combustion engine can be run viz. 

liquid, gaseous and solid fuels. 

 Solid fuels: have very less practical applications mainly 

because of handling problems and disposing off the left 

over components. But they played a vital role during the 

initial stages of engine development. 

 Gaseous fuels:  are considered to as ideal fuel and display 

very few problems when they are used in internal 

combustion engines because they mix with air very 

easily and give a significantly homogeneous mixture. 

They also suffer with the problem of handling and 

storage. Their principle applications can be seen in 

stationary power plants. Some of the gaseous fuels can 

be liquefied under pressure resulting in less storage 

volume but this type of arrangement is very expensive as 

well as risky. 

 Liquid fuels are the derivatives of liquid petroleum and 

they are used in most of the modern internal combustion 

engines. The three principal commercial types of fuels 

are benzyl, alcohol and petroleum products. Today the 

petroleum products form the main fuels for internal 

combustion engines 

II. LITERATURE REVIEW 

Magı´n Lapuerta [5] applied review study on impact of 

biodiesel fuels on internal-combustion engine emissions. 

Most of studies shows slight will increase in Roman deity 

emissions once exploitation biodiesel fuels. At partial load 

operation, no variations in power output ought to be expected, 

since a rise in fuel consumption within the case of biodiesel 

would compensate its reduced heating worth. At full-load 

conditions, a definite decrease in power has been found with 

biodiesel, however such a decrease is not up to that adore the 

decrease in heating worth, which implies that a tiny low 

power recovery is usually ascertained.  

Santacesaria et al.  [13] Meted out review study on 

Main technologies in biodiesel production. It had been all 

over that the price of biodiesel is especially littered with the 

price of the feedstock however additionally an improvement 

of the adopted technology will contribute in reducing the 

prices. it\'s imperative: to use less costly feedstock, that is, 

unrefined or waste oils; to use not edible oil coming back 

from various sources as, for instance, protoctist or Jathropa 

Curcas; to enhance the particular technology supported the 

employment of homogeneous  base-forming catalysts 

through a more robust understanding of the reaction 

mechanism, to develop new biphasic kinetic models; to adopt 

techniques of method intensification; to introduce the 

employment of heterogeneous catalysts, presumably finding 

a catalyst promoting in one step each esterification of free 

fatty acids and transesterification of tri-glycerides. 

Tamilvendhan.D et al.  [14] allotted the 

experimental study and the results that were obtained by the 

on top of check were compared with the results whereas 

running with standard fuel. Once volatile oil having low 

cetane variety is mixed with alkyl group organic compound 

vegetable oil having high cetane variety up to five hundredth 

leads to increase in brake thermal potency by a pair of to three 

share. The results conjointly indicated the reduction of Thirty 

eight. 5% in CO emission for the MeS50Eu50 mix at full load 

whereas the organic compound emissions were reduced at 

each low load and full load however significantly at full load 

which will flow from to the whole combustion of the fuel mix. 

Basheer Hasan Diya’uddeen [15] applied review 

study Performance analysis of biodiesel from used waste oils. 

Encrypting on the energy supplied by the UDWO and its 

several hot price, engine parameters like brake power, torque, 

brake specific fuel consumption and brake thermal potency 

were found to decrease among several ranges of 1–24%, 3–

6% and 1–6%, severally, for biodiesel compared to diesel oil 

within the CI engine. Carbon oxide, hydrocarbons, material, 

dioxide, polycyclic aromatic hydrocarbons and smoke were 

found to scale back among ranges of 15–60%, 21–45%, 23–

63%, 50–100%, 8–41% and 16–84%, severally. 

Gaurav Dwivedi[16] administered experimental 

study on Impact of Biodiesel and its Blends with Diesel and 

wood alcohol on Engine Performance. From the results it's 

found that brake specific fuel consumption for B100 was 

14.85 % more than diesel. The comparison to diesel whereas 

Brake Thermal potency of B100 (24%) was virtually equals 

to diesel (24.5%) for Jatropha oil methyl group organic 

compound. 

Siddharth Jain[17] dispensed review study on 

Prospects of biodiesel from Jatropha in Asian nation. It has 

been found that Bio-diesel scores is nice possibility as 

Associate in Nursing alternate fuel of alternative because it 

helps in decreasing dependence on fossil – fuels and 

conjointly because it has nearly no sulphur. Higher cetane of 

biodiesel as compared to petro diesel implies its a lot of 

improved combustion profile in an inside combustion engine. 

The waste material elements from exhaust are shrivelled by 

mistreatment biodiesel 

Gaurav Dwivedi et al.[18] dole out experimental 

study on Performance analysis of diesel motor victimization 

Biodiesel from genus Pongamia Oil. it had been found that 

BSFC for B100 just in case of genus Pongamia biodiesel was 

thirty. It indicated that a lot of quantity of B100 turns out 

power the same as diesel. 

K. Anandavelu[19]carried out Experimental 

Investigation of victimization volatile oil and diesel oil 

Blends in Kirloskar TV1 Direct Injection diesel motor. it had 

been all over that brake thermal potency enlarged regarding 

half-dozen.2% for 60:40 DF/EOF mix (blend has hour of 

diesel and four-hundredth of eucalyptus oil) as compared to 
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plain diesel oil (DF) operations. any the results showed that 

at full load condition, 60:40 DF/ EOF mix have sixteen.7%, 

25% and 15.15% reduction of smoke, CO and Unburnt 

organic compound severally as compared to plain diesel oil. 

Roman deity emission is slightly reduced regarding zero.97% 

for 60:40 DF/ EOF mix as compared to DF. the warmth 

unleash rate and cylinder pressures area unit enlarged 

absolutely. 

A. Edible and Non-Edible Oil 

Biodiesel are often made either from edible or from non-

edible. Most of the edible oils square measure made from the 

crop land. The utilization of edible vegetable oils for bio 

diesel production has recently been of nice concern as a result 

of the contend with food materials. 

B. Eucalyptus – A source of Oil 

Eucalyptus may be a tall evergreen tree. It attains the peak of 

quite one hundred meter. The adult leaves are 15to thirty cm 

long and a pair of to five cm broad. Essential oil includes a 

history of wide application, as a pharmaceutical, antiseptic, 

repellent, flouring, fragrance and industrial uses. The cineole 

(eucalyptol) primarily based oils also can be used as associate 

degree insect repellent and bio-pesticide. Essential oil has 

been used as a good manner of killing dirt mites. Eucalyptus 

has regarding 625 species and sub-species with many 

varieties and hybrids. 

C. Growth and Yield 

The eucalyptus plantation show great variations in the height 

and diameter growth of trees. Very often the biggest tree from 

a plantation will be more than 4-5 times bigger than that of 

the smallest one. In agroforestry systems, eucalyptus grows 

to a height of about 12 mts and 40-45 cms girth at the age of 

3 years. Application of fertilizers have shown great response 

to height and diameter increment. An average yield of 63.5, 

25.0 and 11.9 tonnes per hectare respectively for E. globulus, 

E. grahdis and E. tereticornis has been reported from 

plantations in Tamilnadu. 

The volume yields of E. tereticornis in different 

states are given in table 1. 

S. 

No. 
State 

Volume over 

bark (m3/ha) 
 

  Maximum Minimum 

1 
Uttar 

Pradesh 
228.7 11.9 

2 
Andhra 

Pradesh 
76.57 37.45 

3 West Bengal 59.72 58.15 

4 Bihar 98.57 27.87 

5 
Madhya 

Pradesh 
35.55 30.98 

6 Tamil Nadu 325.23 18.35 

7 Kerala 100.13 51.43 

8 
Karnataka 

(Mysore) 
205.1 16.81 

Table 1: Volume of 8 year old E. tereticornis (m3/ha over 

bark) [10] 

D. Properties of Eucalyptus Oil 

Eucalyptus oil (cineole) is that the generic name for distilled 

oil from the leaf of Eucalyptus, a genus of the family 

Myrtaceae native to Australia and cultivated worldwide 

Properties Gasoline Diesel 
Eucalyptus 

oil 

Formula 
C4 to 

C12 

C8 to 

C25 
C10H18 O 

Molecular Weight 100-140 
200-

240 
154.25 

Composition (% 

Weight) 

C88 

H15 

C87 

H16 
- 

Density (kg/m3 ) 780 830 913 

Specific Gravity 0.78 0.83 0.913 

Boiling Point (°C) 30-220 
180-

340 
175 

Viscosity (cSt) 0.4 4-Mar 2 

Latent Heat of 

Vaporization(kJ/kg) 
350 230 305 

Lower Heating Value  

(kJ/kg) 
43,890 42,700 43,270 

Flash Point (°C) -43 74 53 

Auto Ignition 

Temperature (°C) 
300-450 250 300-330 

Flammability limit 

(%Volume) 
1.4 1 0.8 

Cetane Number - 48 52 

Table 2: Physical and chemical properties of eucalyptus oil  

[10] 

Factor affecting engine performance using bio diesel  

The following factors are considered by using 

biodiesel as engine fuel is 

 Engine power: Engine power and torque tends to be 3-5 

% lower when using biodiesel. This is due to the fact that 

the bio diesel fuel has less energy per unit volume than 

conventional diesel fuel. 

 Engine wear: Engine wear are found to be less when 

using biodiesel instead of pure diesel fuel. 

 Deposits and clogging: By using high quality fuel the 

deposits in the engine and clogging were not occurred.  

 Pollution from engine exhaust: As compared with diesel 

biodiesel produce less air pollution because of its higher 

oxygen content and lack of both aromatic compounds 

and sulphur. 

III. MATERIALS AND METHODS 

Two samples of Eucalyptus oil were used to prepare 

biodiesel. 

1) Eucalyptus Oil – Central Drug House Ltd. (Sample A)  

 Minimum Assay (as cineole content) > 60.0% 

 Wt. per ml at 20 °C = 0.897 - 0.924g 

 Refractive Index(n) = 1.457-1.469 

2) Eucalyptus Oil – SDFCL Ltd. (Sample B)  

 Wt. per ml at 25 °C = 0.905 – 0.925  

 Refractive Index(n) = 1.458-1.47  

IV. PROCEDURE FOR PREPARATION OF BIO FUEL 

A. Production of Biodiesel from Vegetable Oil 

Considerable efforts area unit created to develop vegetable-

oil derivatives that approximate the properties and 

performance of hydrocarbon-based diesel fuels. the issues 

with work triglycerides for diesel fuels are largely related to 

their (i) high viscosity; (ii) low stability against activity (and 

the following action reactions); and (iii) low volatility, that 
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influences the formation of a comparatively high quantity of 

ash due to incomplete combustion. 

B. Micro Emulsion 

Micro emulsions are identical, clear or clear, 

thermodynamically stable dispersions of oil, water, 

surfactant, and sometimes a tiny low amphiphilic molecule, 

referred to as a co surfactant. The drop diameters in 

microemulsions vary from one hundred to a minimum of one 

thousand. A micro emulsion ar generally store-bought from 

vegetable oils with honor substance and dispersant (co 

solvent), or of vegetable oils, honor alcohol and a agent, with 

or whereas not diesel fuels. 

C. Transesterification 

Transesterification is the process of reacting a triglyceride 

like oil with an alcohol in the presence of alkaline catalyst to 

produce fatty-acid esters and glycerine. We adopted 

Transesterification technique for preparation of biodiesel. 

Transesterification is that the foremost typical methodology 

of fixing oil into biodiesel which will be used directly or as 

blends with diesel in ICE. A transesterification reaction is 

represented in Fig.2 

 
Fig. 2: Transesterification Reaction 

D. Experimental Originated for Transesterification 

The reactor used for experiments shown in Figure 4 can be a 

1000 ml three-necked spherical bottom flask. 

E. Preparation of Potassium Meth Oxide 

The methanol is mixed into a solution with the KOH, making 

potassium methoxide in an exothermic reaction. 

F. Intermixing and Heating 

In a typical experiment a famed quantity of oil was charged 

to a throated spherical bottom flask (figure 5). 

G. Setting and Separation 

Allow the solution to settle and cool for last 24 hours, 

perfectly longer. The methyl group esters (biodiesel) are 

going to be floating on high whereas the denser glycerol can 

have jellied on the bottom of the instrumentation. 

H. Purification (Organic Phase) Biodiesel 

The methyl group organic compound part was washed with 

water 5 times that removes the catalyst along with the residual 

methanol.  

I. Magnetic Stirring 

Finally, product obtained after washing is stirred in magnetic 

stirrer with the assistance of magnetic beads. Process is 

carried out till biodiesel becomes clear as shown in fig.7. 

 
Fig. 3: Experimental set up for the preparation of methyl 

esters from vegetable oil. 

 
Fig. 4: Separating Funnels for Separation of Methyl Ester 

from Glycerol 

 
Fig. 5: Water Washing to Separate Soap 

 
Fig. 6: Water and Methyl Ester layers during separation 

 
Fig. 7: Magnetic Stirrer for Heating 

J. Experimental Setup 

A schematic of experimental setup shown in Fig.8 consist of 

following parts 

 
Fig. 8: Schematic of experimental setup 
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A Field Marshal make, single cylinder, water 

cooled, direct injection, Model No. BF2 diesel engine was 

selected for the produced research work, which is primarily 

used for agriculture activities and household electricity 

generation. The detail specification of the selected engine 

has been given below: 

Parameters Values 

Engine No. HX 28036 

Model No BF2 

Type DI 

Output 4.8/6.5 KW/bhp 

Speed 1500 r.p.m 

SFC 240g/kwh 

Bore of Engine (D) 85 mm 

Stroke Length of Engine (L) 110 mm 

Outer diameter 20 mm 

Cross Section Area of Orifice 0.0031416 (M) 

Coefficient of Discharge 0.62 

Table 3: Specification of the selected engine 

 
Fig. 9: Experimental Setup 

In this set up the engine was directly coupled to 

generator and loaded by impedance. The separate fuel 

measuring unit was connected with engine. A resistive load 

panel was attached with the output of the generator. 

Following methodology was adopted. First we checked the 

performance of pure diesel on diesel testing engine at 20 ml 

diesel, noted the readings that is Voltage, Current and Time 

for consumption of fuel. Then make the blend of bio fuel and 

diesel at B10 and follow the same procedure. Then do the 

same for blends B30, B50 and B100 and note down the 

readings. In the last step, Brake Specific Fuel Consumption 

(BSFC) was calculated. 

V. RESULTS AND DISCUSSION 

S. 

No. 

Load 

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.) 

(Kg/KW-hr) 

1 20 0.5966 1.3643 0.4372 

2 40 0.7323 2.02 0.3638 

3 60 0.9182 2.94 0.3123 

4 80 1.0945 3.659 0.2991 

5 100 1.268 4.59 0.2762 

Table 4: Results of Diesel 

S. 

No. 

Load 

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.) 

(Kg/KW-

hr) 

1 20 0.8949 1.3068 0.6848 

2 40 1.04675 2.0468 0.5114 

3 60 1.2048 2.9 0.4154 

4 80 1.3553 3.3795 0.3784 

5 100 1.4828 4.625 0.3206 

Table 5: Results of Eu10A Blend 

S. 

No. 

Load 

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.)             

(Kg/KW-hr) 

1 20 0.5777 1.3068 0.442 

2 40 0.872 2.0209 0.417 

3 60 1.072 2.8 0.3828 

4 80 1.3477 3.5929 0.3751 

5 100 1.5306 4.456 0.3434 

               Table 6: Results of Eu50A Blend 

S. 

No. 

Load 

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.)             

(Kg/KW-hr) 

1 20 0.3938 1.3068 0.4836 

2 40 0.6215 1.8295 0.449 

3 60 0.8301 2.875 0.4011 

4 80 0.9521 3.7 0.3464 

5 100 1.048 4.642 0.3371 

           Table7: Results of Eu100A Blend 

S. 

No. 

Load 

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.)             

(Kg/KW-hr) 

1 20 0.3938 1.3068 0.4836 

2 40 0.6215 1.8295 0.449 

3 60 0.8301 2.875 0.4011 

4 80 0.9521 3.7 0.3464 

5 100 1.048 4.642 0.3371 

                 Table 8: Results of Eu10B Blend 

S.  

No. 

Load  

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.)             

(Kg/KW-

hr) 

1 20 0.4803 1.202 0.3995 

2 40 0..6679 1.8136 0.3682 

3 60 0.9308 2.75 0.3383 

4 80 1.206 3.6403 0.3317 

5 100 1.3997 4.534 0.3087 

           Table 9: Results of Eu50B Blend 

S. 

No. 

Load 

(W) 

mF 

(Kg/hr) 

(B.H.P.) 

(KW) 

(B.S.F.C.)             

(Kg/KW-hr) 

1 20 0.5573 1.25 0.44585 

2 40 0.8111 1.9909 0.4074 

3 60 0.9814 2.725 0.3601 

4 80 0.9944 3.555 0.2797 

5 100 1.1277 4.2545 0.2650 

Table 10: Results of Eu100B Blend 

VI. RESULT ANALYSIS 
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Fig. 5: Result Analysis 

VII. CONCLUSION AND FUTURE SCOPE 

Eucalyptus oil is mixed with diesel and tested on four stroke 

single cylinder internal-combustion engine. Performance and 

emission characters were known and all over as follow: 

1) The fuel properties like density flash point, consistence 

and hot price of B10, B20 square measure terribly the 

same as diesel and so biodiesel can be very easily a 

substitute for diesel in coming years. 

2) It has also been investigated that BSFC for Eu100A and 

Eu100B just in case of Eucalyptus biodiesel was 8.18% 

and 4.05% below the given fuel for maximum load, 

which shows that lesser quantity of B100 manufacture 

power the same as diesel. 

3) Performance analysis of E10A and E10B shows that 

BSFC square measure below pure diesel however 

exhausts emission square measure   lower that is 64.5% 

and 62.5% severally in terms of HSU. 

The Study provides biodiesel has been focused as an 

area replacement element of fossil fuel diesel. The 

explanations for this goal square measure certain because 

almost all countries of the world square measure exploring 

substitutes for the energy sources, that square measure setting 

friendly and square measure from non-conventional sources. 

Bio fuels scores alright as a substitute fuel because it helps in 

less dependency on fossils and conjointly because no sulphur 

is contained in it. The present study can be further advanced 

to calculate the BSFC and BTE of Biodiesel on engine with 

turbocharger. 

Eucalyptus biodiesel is an environmentally friendly 

fuel because smoke get cleaner and transparent with use of 

biodiesel as compared to conventional fuel with marginal 

effect on engine performance. The pollutant component from 

exhaust are also decreased by using bio diesel because of the 

well-established advantages of biodiesel, its production 

capacities world over has witnessed a double digit annual 

growth rate for the last few years. So the focused of the work 

from onward should be development of 100% bio diesel. 
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