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Abstract— Biodiesel was one of the alternative sources of 

energy. Bio-diesel was produced from various sources such 

as edible oils, non-edible oils, algae and animal fats. The aim 

of the project is to produce biodiesel from pine oil in order to 

displace diesel fuel to maximum extent level. The pine oil 

was blended with diesel as per ASTM standards. The pine oil 

has good atomization and lower viscosity compared to that of 

diesel. As a result, the pine oil can be blended directly with 

diesel fuel without trans-esterification. The various blends 

were tested in a single cylinder DI diesel engine coupled to 

eddy current dynamometer. The performance and emission 

characteristics of pine oil blends (B10 & B20) were compared 

with the results of base fuel. The results show that pine oil 

blends give better performance. The NOx emission level is 

increased compared to that of diesel, while the oxides of 

Carbon and Sulphur are decreased slightly. 
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I. INTRODUCTION 

Energy crisis has been predominant nowadays in every 

sector. Likewise fossil fuels also fall in the same era of 

depletion. Every citizen must look out for an alternative 

energy source. Thermodynamic tests based on the engine 

performance evaluations have projected the ease of using 

vegetable oils. It has been found that vegetable oils hold 

special promise in this regard, because they are extracted 

directly from the plants grown in rural areas as per Chauhan 

et al. pointed out [1]. In India, non edible oils are considered 

as the main resource of bio diesel production. Non edible oils 

can be obtained from plant species such as Pine, Jatropha, 

Pongamia, Mahua and Neem etc. 

Biodiesel, an alternative instead of diesel fuel, is 

extracted from renewable biological sources such as 

vegetable oils and animal fats. It is toxic free and 

biodegradable which exhibits low emission profiles and so is 

environmentally beneficial. The concept of using oils of 

vegetable as fuel for diesel engines is not a new approach. 

Recently, because of increases in crude oil prices limited 

resources of diesel fuel and on basis of hazard free 

environment there has been a remarkable focus on vegetable 

oils and animal fats to make biodiesel fuels as inspected by 

researchers [2-6]. Continued and increasing use of petroleum 

will enhance air pollution and pave way to global warming 

problems caused by CO2.  

In spite of the technical feasibility, vegetable oil as 

fuel could not get acceptance, as it was more expensive than 

fossil fuels. Later various factors as stated earlier, paved way 

to the interests of researchers in using vegetable oil as an 

alternative option for diesel engines. In recent years, 

systematic efforts have been made by several researchers to 

use oils of Sunflower, Peanut, Soybean, Cottonseed, 

Jatropha, Pongamia, Rubber seed, Jojoba etc., as alternate 

fuel for diesel which are edible in nature. Increased use of 

edible oils leads to shortage of food supply and proves far 

expensive to be used as substitute fuel as per recent status. 

Few types of non-edible oils such as pine oil, olive oil, 

camphor oil, etc., and also ethanol have been implemented in 

diesel engine leaving a lot of scope in this area as 

experimented by Sathiyagnanam et al. [7]. Testing of non-

edible oils in diesel engines improves the performance and 

reduces the emissions compared to edible oil. It also reduces 

the filter clogging and ensures smooth flow of oil. These non-

edible oils are marked for its lower viscosity and rich 

atomization properties. Initially approaches are not employed 

in order to use pine oil derivatives where only edible oil 

derivatives are given the most importance. Further in coming 

days low viscous oils such as turpentine oil are used in place 

of edible oils as studied by Anand et al. [8] and Karthikeyan 

et al. [9]. Further researches from the researchers are more 

concerned in depletion of edible oils and so they put forth 

their research towards oils from pine, camphor, etc. The focus 

on using biodiesel is to replace the usage of fossil fuel in the 

forthcoming era. It is important to make a note that usage of 

biodiesel does not require any engine modifications in 

separate. The fact is also that it should satisfy the properties 

of diesel at most situations. The overall studies reveals that 

the biodiesel preferred can only be used when it is blended 

with diesel but not on its own. With reference to the studies 

of Kasiraman et al. [10] on cashew nut shell oil, it paved the 

idea of using Pine oil which is hoped to replace diesel by a 

huge margin. 

II. PINE OIL 

Pine oil is an non-edible oil obtained from the needles, twigs 

and cones from a variety of species of pine, particularly Pinus 

Sylvestris of the Pinaceae family using steam distillation 

method. It is commonly known as Scotch pine oil, and also 

referred as Scots and forest pine. It has a fresh forest smell, is 

colorless to pale yellow in color and watery in viscosity. This 

evergreen tree has a flat crown and has a reddish-brown, 

deeply fissured bark, needle-like gray-green leaves that grow 

in pairs, orange-yellow flowers and pointed brown cones. 

Properties Units Diesel Pine oil 

Density at 150C kg/m3 830 875.1 

Kinematic viscosity at 400C cSt 

 

3.4 

 

1.3 

Flash point oC 74 52 

Fire point oC 83 62 

Cetane number - 52 11 

Calorific value kJ/kg 42700 

 

42800 

 

Table 1: Properties of pine oil 

Generally in terms of chemical analysis, pine oil 

consists of major percentage of cyclic terpene alcohols along 

with terpene hydrocarbons, esters and ethers. The exact 
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composition depends on various factors, such as the variety 

of pine from which it is produced and the parts of the tree 

used. Industrially, pine oil is used as collector in metal 

extraction from ores for froth floatation process. 

Since Pine oils have properties comparable to diesel, 

they can be blended with diesel as per the required blend 

ratios and injected directly into the combustion chamber. The 

attempted study on the physical and chemical properties of 

pine oil shows properties comparable to that of diesel and is 

tabulated in Table 1. 

III. ENGINE SETUP AND INSTRUMENTATION 

The Kirloskar DI diesel engine is a single cylinder – four 

stroke DI diesel fuelled engine as shown in Figure1. This 

engine setup is used to carry out the performance and 

emission characteristics of the pine oil and its blends with 

diesel. 

This engine is designed in order to produce power of 

about 3.5kW at rated speed of 1500rpm. Modifications in 

engine setup are not necessary when pine oil blends are used 

as an substitute to that of the base fuel. 

There are various types of engine loading methods 

in practice. In this experimental setup, loads are applied using 

an eddy current dynamometer. The engine is started by 

manual cranking and the required loading is done. 

 
Fig. 1: Engine setup 

The rate of flow of fuel is measured using a burette 

and stop watch setup in the engine where the time taken for 

10cc of fuel consumption is noted. 

AVL Di-gas analyser is used to monitor the 

emission parameters such as oxides of Carbon (CO and CO2), 

oxides of Nitrogen (NOx) and Hydrocarbons (HC). Gases 

from the exhaust are subjected to a moisture separator and 

filter element in order to trap particulates and vapor. HC and 

NOx are measured in terms of parts per million (ppm) whereas 

the oxides of carbon are measured in terms of percentage 

volume (%). These emission measurements are measured 

using selective absorption principle. AVL smoke meter is 

used to measure the smoke opacity in HSU (hartridge smoke 

unit). The data are recorded by a data acquisition system. 

A. Experimental Procedure 

Initially the engine was set to run with diesel for about 20 to 

30 minutes before using pine oil blends in order to attain 

stable working environment. After that diesel is completely 

drained out from the fuel tank and then the pine oil blends are 

stored. It is important to note that whether the engine has 

attained its optimum (warm) temperature conditions. At 

constant speed of about 1500 rpm, engine is loaded with 0-20 

(in kg) at a interval of 5kg using an eddy current 

dynamometer. The proportions of pine oil blends tested are 

B10 and B20 where the experimental procedure is repeated 

for every proportion to be tested. 

IV. RESULTS AND DISCUSSIONS 

For each blends two set of readings are observed and the 

average is taken into consideration. There is observed almost 

similar exhibition of performance characteristics. 

A. Performance Characteristics 

Likewise every less viscous oil-diesel blends, pine oil blends 

also shows significant improvement towards diesel fuel. Fig. 

2 projects the variation of BSFC of pine oil blends in the 

engine for the applied load with constant rpm at a rate of 

1500rpm. The graph ensures that at higher load conditions, 

BSFC decreases when compared towards the performance of 

diesel. This is due to lower viscosity and high atomization of 

pine oil and its blends. The pine oil and its blends are broken 

into fine particles so that the air contact area increases around 

every fine droplet. Such properties results in better 

evaporation of blends and paves the way for complete 

combustion inside the combustion chamber. Such features 

employs low fuel consumption of pine oil blends compared 

to that of the base fuel. While in low load conditions better 

atomization features cause ignition lag and premixed burning 

of fuel blends but almost equivalent to diesel fuel. 

 
Fig. 2: Load vs Specific fuel consumption 
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Fig. 3: Load vs Brake thermal efficiency 

The BTE of pine oil blends for various loads are 

shown in Figure2. It is well understood that BTE depends on 

total fuel consumption i.e., inversely proportional to each 

other.  Since pine oil blends have equivalent calorific value 

towards diesel, at higher load conditions pine oil blends 

shows improved efficiency. Devan et al. [12], in their study 

came out with an conclusion that eucalyptus oil having low 

viscosity shows increased efficiency on increasing addition 

of oil (in %) with diesel. In this study , it is also evident that 

BTE increases by 6.69% and 5% for B20 and B10 blends. 

B. Emission Characteristics 

Emissions such as CO, CO2, NOx and HC do rely mainly on 

fuel – air ratio and in – cylinder temperature. The variations 

and betterment of emission characteristics are discussed as 

follows.  

1) Oxides of carbon 

It is evident from Figure4 that at higher loads increase in pine 

oil percentage lowers CO emission. At the same note it also 

evident that increase in percentage of pine oil percentage 

increases the CO emissions at low load conditions. At low 

load conditions, emission increases with increase in pine oil 

percentage and it is due to lower overall fuel – air equivalence 

ratio. The other aided reason is that the induction of oxygen 

in pine oil itself drops down the fuel – air ratio. On 

comparison with diesel, pine oil blends show better results in 

terms of CO emission. The results also matches with that of 

the results elucidated by Jincheng et al. [11] and Devan et al. 

[12] where they experimented with low viscous fuels such as 

ethanol and eucalyptus oil respectively.  

 
Fig. 4: Load vs CO (%) 

 

 
Fig. 5: Load vs CO2 (%) 

Similarly at low load conditions, for pine oil blends 

CO2 emissions are considerably  low as resulted in diesel fuel 

because of complete combustion. Complete combustion is 

due to the enrichment of oxygen content within pine oil itself. 

Similarly CO2 emission at higher load is less than that of 

diesel due to high in-cylinder temperature. 

2) Hydrocarbon emission 

The variations of Hydrocarbon emission from the Kirloskar 

engine with respect to different loads @1500 rpm is been 

analyzed using an AVL gas analyzer. The variations of HC 

are plotted in Figure6 for corresponding loads. 

 
Fig. 6: Load vs HC (ppm) 

At low load conditions, pine oil blends emits more 

HC emission compared to that of diesel. This is mainly due 

to increased evaporation and oxygen enrichment in pine oil 

blends. So that mixing rate of fuel with air is increased and 

thus results in pre-mixed burning. At high load conditions, 

HC emission is lower using pine oil blends compared to 

diesel. This is due to oxygen enrichment in pine oil itself 

which results in complete combustion. 

3) NOX emission 

 
Fig. 7: Load vs NOx (ppm) 
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In Figure7 the variations of NOx pattern for 

corresponding loads is been projected. It is well understood 

that at higher loads, the NOx emissions are higher for pine oil 

blends compared to that of base fuel. The reason behind it is 

the temperature enhancement due to pre-mixed burning of 

fuel. Lee et al. [13], elucidated that increasing combustion 

temperature due to lower cetane number results in 

accumulation of fuel-air mixture in combustion chamber and 

more heat liberation. At low load conditions, diesel exhibits 

higher NOx emission compared to pine oil blends and is due 

to higher fuel to air ratio which portrays the oxygen 

enrichment in pine oil itself. 

V. CONCLUSION 

The current experimental investigation indicates that pine oil 

can be directly used in diesel engine without 

Transesterification due to its unique properties. In this 

experimental study the effect of pine oil-diesel fuel blend 

(B10, B20 and diesel) on engine performance and emission 

were investigated. Pine oil blends shows better thermal 

efficiency and specific fuel consumption than diesel. The 

variations of Brake Thermal Efficiency for the blends are 

nearly comparable to that of diesel and so the percentage of 

diesel consumption (i.e., volume) can be reduced by 10% and 

20% for B10 and B20 respectively. 

The mechanical efficiency is slightly decreased in 

fractions with increasing percentage of biodiesel diesel 

blends. This is due to larger amount of fuel supplied to the 

engine compared to diesel in order to maintain the equal 

energy output to the engine. At higher load conditions, using 

pine oil blends shows better reduction of CO and CO2 

emissions (except HC) which are better than that of diesel. 

The emission levels of NOx at higher load condition are more 

for pine oil and its blends compared to diesel, since NOx is 

proportional to the operating temperature. In future, the 

engine can be optimized to reduce ignition delay period by 

addition of cetane number improving additives to the Pine oil 

blend. 
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