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Abstract— Major problem like short supply and emission of 

diesel fuel demands for alternative fuel which have same 

performance and better emission characteristics biodiesel 

made from non-edible oil had shown good potential and 

equivalent performance. Bio-diesel is widely accepted as 

comparable fuel to diesel in compression ignition engines. It 

offers many advantages including; higher cetane number, 

reduced emissions of particulates, CO, NOX, and 

hydrocarbons, reduced toxicity, improved safety and lower 

lifecycle CO2 emissions. A characteristic of bio-diesel 

limiting its application is its relatively poor low-temperature 

flow properties. Coconut biodiesel have good potential in 

Gujarat and establish in I.C engine so measurement of 

performance using coconut biodiesel carried out in this 

project. 
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I. INTRODUCTION 

Every form of energy has its own source. In the earth, there 

are several forms of energy sources such as solar power from 

sun which radiates energy, nuclear power, wave energy 

which results from moon gravitational pull and earth 

geothermal energy which originates from earth’s deep core. 

In comparison of all available energy sources in the world, 

solar energy is the largest and as long the sun shines; it will 

remain the largest world energy source [1]  Current world 

energy situation is heavily dependent on fossil fuels and coal 

which a non-renewable energy source. These energy sources 

may deplete in time if proper energy management actions are 

not taken soon which questions the energy security of the 

future. The best option to handle this problem is the 

introduction of renewable energy sources and its increased 

role in addressing the world energy need. Increasingly, 

renewable energy in the form of biodiesel is getting attention 

from the world countries due to the environment friendly 

characteristics, while it still able to be diesel engine fuel 

without requiring any complex modifications to the engine 

itself. Biodiesel also has its advantage of abundance of raw 

stock which confirms continuous raw material supply [2]  

Biodiesel is an environmentally friendly, renewable energy 

source that could also produce cost savings for taxpayers and 

private businesses which is produced from farmers that grow 

various fuel crops. 

A. Bio-Diesel  

Bio-diesel is fatty acid methyl or ethyl ester made from virgin 

or used vegetable oils (both edible & non-edible) and animal 

fats. The main commodity sources for bio- diesel in India can 

be non-edible oils obtained from plant species such as 

Jatropha, palm, Curcas, Karanj, Neem, Mahua etc. 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 ignition 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-burnt 

hydrocarbons, carbon monoxide and particulate 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. 

B. History of Coconut-Oil 

During the oil shock period of the 1970s, interest in vegetable 

oils as alternative fuels again resurfaced. Recently, the non-

oil producing countries increasing concern over their energy 

security coupled with their growing awareness of the 

environmental problems has led to the renewed interest on 

biomass-based fuels. Why vegetable oil? The reasons can be 

enumerated in terms of the environmental impact and the 

economic benefits of using vegetable oils. It is known that 

petroleum or fossil-based fuels are not infinite, although how 

long the world's oil supply lasts is still debatable. Vegetable 

oils are non-toxic, renewable sources of energy, which do not 

contribute to the global CO2 buildup. In terms of the 

economic benefits, vegetable fuels could be used as an 

emergency energy source in the event of another petroleum 

fuel shortage. For countries like the Philippines, which 

heavily rely on imported oil for their energy needs, but which 

have an abundant supply of vegetable oil (the Philip- pines is 

a major coconut oil producing country), the use of vegetable 

oils could save much needed foreign reserves. Their use could 

also revitalize the rural and farming economies, since a 

growing demand for vegetable oils will certainly result in 

their increased production. With these incentives, the need for 

further research on the engine performance and exhaust 

emissions of coconut oil-based fuels exists. In the present 

study, the use of vegetable oils as diesel fuel alternatives is 

approached in two ways, first in its pure form of diesel, and 

second, as blends with diesel fuel. 

The world is presently confronted with the twin 

crises of fossil fuels depletion and environmental 

degradation. Indiscriminate extraction and lavish 

consumption of fossi fuels have led to the reduction in 

hydrocarbon resources underground. The search for an 

alternative fuel, which promises a harmonious correlation 

with sustainable development, energy conservation, 

management, efficiency and environmental preservation, has 

become highly pronounced in the present day context. For 

developing countries of the world, fuels of bio-origin can 

provide a feasible solution to the crisis. The fuels of bio-

origin may be alcohol, vegetable oils, biomass and biogas. 

Some of these fuels can be used directly while others need to 

be formulated to bring the relevant properties close to those 

of conventional fuels. Considering the recent wide spread use 

of diesel fuel in various sectors, this study focuses on 

assessing the feasibility of using coconut oil blended 
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preheated diesel oils in the existing diesel engines with minor 

modifications in the existing design. 

Unlike other vegetable oils, coconut oil has a special 

feature of readily mixing with diesel. It remains a white 

crystalline solid at temperatures below 20°C, but it is a clear 

liquid when it is blended with ordinary diesel fuel (ODF). 

Further, apart from other vegetable oils, the fraction of 

coconut oil in blends did not create any separation or form 

any layers on the inside wall of the fuel tank. This was 

investigated in Malaysia, where the ambient environmental 

temperature is 23°C to 33°C. As a result, the possible cold 

temperature fuel filter problems and injection line blocking 

have been ignored. However, researchers faced problems due 

to minor variation in viscosities, which is nullified in this 

work using a pre-heated coconut oil blended diesel. 

Three different methods for the control of emission 

and their corresponding improvement in engine performance 

were experimented. The first method was to improve the 

combustion by incorporating a perforated copper medium 

beneath the atomized fuel spray. This improves the 

combustion through vaporization and reducing the physical 

delay period of the first phase of combustion. In the second 

method, coconut oil was used as an additive to diesel because 

of its oxygen content in the molecular structure. The last 

method was to preheat the coconut oil blended diesel, to 

reduce the negligible viscosity variations leading to an 

improvement in the performance. 

The increasing in vehicular population, pollution 

and fast depletion of fossil fuel requires the search for 

alternate fuels has become necessary. The vegetable oils 

which are rich in oxygen can be used as future alternate fuels 

for the operation of diesel engine. The properties of biodiesels 

are very close to diesel after processing, and they are 

renewable by growing crops in rural areas with no cost and 

effort. From previous studies it has been observed that 

various problems associated with vegetable oils being used as 

fuels in C I engines due to high viscosity. 

II. LITERATURE REVIEW 

Herchel Machacon et al p1 studied objective of the present 

study is to reveal the effects of pure coconut oil and coconut 

oil diesel fuel blends on performance and emissions of a 

direct injection diesel engine. Operation of the test engine 

with pure coconut oil and coconut oil diesel fuel blends for a 

wide range of engine load conditions was shown to be 

successful even without engine modifications. It was also 

shown that increasing the amount of coconut oil in the 

coconut oil diesel fuel blend resulted in lower smoke and 

NOx emissions. However, this resulted in an increase in the 

BSFC. This was attributed to the lower heating value of neat 

coconut oil fuel compared to diesel fuel. 

M.H. Jayed et al P2 studied the Environmental 

concerns and regulations to reduce greenhouse gas emission 

and fluctuation of fossil fuel price have stimulated research 

on alternative fuels. Moreover, use of unproductive land to 

produce vegetable oil which is a potential biodiesel source 

has opened up a way to reduce oil bill. Biodiesel does not 

need major modification in engine, even though it causes 

some engine problems in long term use. This paper presents 

experimental results that evaluates the performance and 

exhaust emissions of a diesel engine operated on “ Diesel” 

which consists of 5% palm diesel and 95% ordinary diesel 

fuel (also termed as P5) and C5 (5% coconut biodiesel and 

95% ordinary diesel fuel. Experimental results showed that 

P5 and C5 reduced brake power compared to diesel fuel by 

1.2% and 0.7% respectively. Emissions such as HC, smoke, 

CO and NOx concentration were lesser for P5 and C5. The 

results of this investigation will be used to partial replacement 

of diesel fuel using low percentage of methyl ester (maximum 

5%) obtained from waste vegetable oils. 

B. Durga Prasad et al P3 studied discusses the 

experimental study on the reduction of energy utilization and 

thereby abiding an indirect control on the emission strategies 

for a CI engine. Three different methods for the control of 

emission were carried out and the results were compared. The 

first method was to improve the combustion by incorporating 

a copper perforated medium beneath the atomized fuel spray 

and thereby improve the combustion through vaporisation. 

The second method was to use coconut oil directly as an 

additive to diesel. The last method was to preheat the coconut 

oil blended diesel. The analysis showed that of all the coconut 

blends, namely, 10% to 50%, 20% blended ratio found a good 

place in both fuel efficiency and reduced emissions. 

Similarly, the preheated blends showed still drastic 

reductions in emissions even for higher proportions of 

coconut oil. 

It is clear from the above literature review that 

vegetable oil can be used either as an extender or complete 

replacement to diesel fuel. Many researchers have reported 

difficulties encountered with use of vegetable oil in diesel 

engine. These difficulties are mainly attributed to high 

viscosity of vegetable oil. Coconut oil is becoming a 

sustainable source for diesel replacement in India. However, 

its high viscosity issue is to be resolved for its long term 

utilization in diesel engine. Due to high viscosity, there are 

two strategies for using Coconut oil as fuel for use in diesel 

engine. The first one is to modify the engine to adapt to the 

fuel and the second one is for processing the fuel to adapt to 

the engine. The literature indicates that modifying existing 

diesel engines to preheat Coconut oil to reduce viscosity and 

could achieve the first strategy. The second option is 

modification of Coconut oil to the existing engines. The 

adaptation of Coconut oil to the diesel engine could be done 

by blending the Coconut oil with diesel, producing methyl 

esters through transesterification process that could be used 

straight instead of diesel. However, it is essential to explore 

the possibility of development of indirectly heating to preheat 

the neat Coconut oil with the help of exhaust gases before 

entry to diesel engine in a dual fuel tank mode. 

III. EXPERIMENTAL SETUP  

A horizontal coil type boiler has been used to carry analysis 

in this project which is situated in super boiler Pvt Ltd. At 

Bhavnagar. The specifications of the boiler are listed in Table 

1 and the experimental set up is shown in Figure1. 

Make 
Eternal Engineering 

Equipment (p) LTD. 

Type Horizontal, Fire tube 

Fuel Consumption 36 Kg/hr 

Water Flow  rate 400 kg/hr 

Steam Pressure 10 Kg/cm2 

Steam Temperature 185°C 

Table 1: Boiler Specification 
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Fig. 1: Boiler Specification  

IV. PROPERTY OF FUEL  

A. Calorific Value  

From figure 2, it is seen that calorific value of diesel fuel is 

41807 KJ/Kg and that of Coconut oil bio-diesel is 37802 

KJ/Kg. Based on this value, calorific value for different 

blends B20, B40, B60 and B80 have been calculated. B20 has 

calorific value of 40918 KJ/Kg which is comparable to diesel. 

Coconut oil bio-diesel has 9.58% lower energy content than 

diesel. Lower calorific value of Coconut oil bio-diesel is 

mainly due to oxygen content of Coconut oil bio-diesel. 

 
Fig. 2: Calorific Values of Various Fuels 

B. Kinematic Viscosity 

Higher or lower kinematic viscosity play very vital role when 

coconut oil bio-diesel is used in boiler without modification 

in injection pressure as this will result in change of fuel 

atomization and distribution inside furnace. Kinematic 

viscosity for pure Coconut oil bio-diesel and B20 are 7.2cSt 

and 4.1cSt respectively, whereas for diesel kinematic 

viscosity measured is 3.7cSt. This is shown in figure 2. 

Coconut oil bio- diesel has 95% higher kinematic viscosity 

compared to diesel. B20 has very comparable viscosity to 

diesel but with higher blend percentage kinematic viscosity 

increases and results into larger droplet diameter of fuel. Due 

to higher kinematic viscosity Coconut oil bio-diesel requires 

higher injection pressure than diesel. 

 
Fig. 3: Kinematic Viscosities of Various Fuels 

V. RESULT 

The performance characteristics of the diesel fired boiler 

observed using Diesel, Coconut oil, and various blends are 

summarized below. 

A. Boiler Efficiency 

 
Fig. 4: Boiler Efficiency 

The variation of Boiler efficiency of the diesel fired boiler 

with Coconut oil at different injection pressure is shown in 

Figure, and compared with baseline data of diesel and 

Coconut oil. From the test results it was observed that initially 

with increasing injection pressure, the boiler efficiencies of 

all the fuels were increased and then tended to decrease with 

further increase in injection pressure. The boiler efficiencies 

of the Coconut oil were found to be lower than diesel fuel 

throughout the entire range. The possible reasons for this 

reduction are lower calorific value and high viscosity of the 

Coconut oil as compared to diesel fuel. The highest boiler 

efficiency was found in case of Coconut oil. The peak thermal 

efficiency for D100, C10, C20, C30, and C40 were 65.41, 

64.75%, 61.77%, 58.55%, and 61.5% respectively whereas 

the peak boiler efficiency of diesel was 65.41%. 

B. Exhaust Gas Temperature 

Figure show the variation of exhaust gas temperature with 

brake power for diesel, Coconut oil. The results show that the 

exhaust gas temperature increased with increase in injection 

pressure in all cases.  The highest value of exhaust gas 

temperature of 220°C was observed with the D100 and the 

lowest was achieved with Coconut oil of about 176°C 

whereas the corresponding value with diesel was found to be 

178°C. This is due to the poor combustion characteristics of 

the Coconut oil because of its high viscosity. 
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Fig. 5: Exhaust Gas Temperature 

VI. CONCLUSION 

The present study was carried on an unmodified diesel fired 

boiler which was converted to run on a dual mode operation. 

The main objective of the present investigation was to 

evaluate suitability of Coconut oil as a fuel for use in diesel 

fired boiler and to evaluate the performance and emission 

characteristics of the boiler. The experimental study shows 

the following results. 

 The boiler performance with Coconut oil is slightly 

inferior to the performance with diesel fuel.   

 The results from the experiments suggest that Coconut 

oil is potentially good substitute fuel for diesel fired 

boiler and performance and emissions characteristics 

were found to be comparable to diesel fuel. 

 Furthermore we can better result with vegetable oil as 

fuel in diesel fired boiler with modification in 

combustion equipment. 
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