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Abstract— Biodiesel has become more attractive recently 

because of its environmental benefits and the fact that it is 

made from the renewable resources. The world is getting 

modernized and industrialized day by day. As a result 

vehicles and engines are increasing. But conventional 

energy sources used in these engines are limited and 

decreasing gradually, due to increase in the demand and 

scarcity in the availability of the fossil fuel, above said 

problems addresses a need of alternate fuel in order to 

overcome the present crisis. The researchers are attempting 

to develop the alternative fuel which is economical, 

environment friendly and a simple technology which is easy 

to understand and to implement. From the study of many 

researchers we came to know that, biofuels are having the 

potential need to serve as a fuel in compression ignition 

engine. In this paper, the results of some of the researchers 

have been summarized and compared to get the state of the 

art of Simarouba biodiesel production, its combustion, 

emissions and performances characteristics as CI engine 

fuels.                                       
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I. INTRODUCTION 

Historically, fossil fuel has successfully contributed in all 

sectors such as agricultural, transportation and industrial 

sectors because of their adaptability, high combustion 

efficiency, availability, reliability as well as the handling 

facilities. However, their reserves are wiping out day to day. 

The emissions that are come out by burning of fossil fuels 

produces around 20 billion tons of carbon dioxide per year 

therefore it is considered as one of the major sources of the 

environment pollution. Pollutant emissions which are from 

diesel engines have a serious impact on ecological system as 

well as human health. Several factors such as world-wide 

environmental restrictions, scarcity and costly of the 

petroleum products as well as the decrease of fossil fuel 

resources have promoted to look over the clean combustion 

of diesel engine using alternative fuel sources. Since last 

decades researchers around the world have been trying to 

find new alternative fuels that are available, feasible, 

economical, environmental friendly and a simple technology 

which is easy to understand and to implement. Among all 

the alternate fuel like hydrogen, methanol, natural gas, 

biogas, biomass, ethanol, etc. Biodiesel is considered as 

promising alternative fuel for the future. 

In a country like India it is observed that biodiesel 

can be a viable alternative automotive fuel. Biodiesel is a 

fastest growing alternative fuel and India has better 

resources for its production. India has huge potential for 

biodiesel and it will be the most suitable, Biodiesel is alkyl 

esters of free fatty acids and can be obtained by employing 

the trans-esterification treatment of vegetable oils, animal 

fats, waste cooking oil and waste restaurant greases. 

Vegetable oil can be obtained from both edible (palm oil, 

rapeseed oil, sunflower oil, coconut oil, peanut oil etc) and 

non-edible (Jatropha, Neem, Cotton, Jojoba, Rubber, Mahua 

and Castor etc) oil sources. The above oil seeds can be 

cultivated in the wasteland. This biodiesel can be used in 

internal combustion engines in a similar fashion as petro- 

diesel without any modification.  

Rudolf Diesel developed the first diesel engine, 

which was run with the use of vegetable oil in 1900 for CI 

engine.  He used groundnut oil as fuel for his experimental 

engine. With the availability of cheap petroleum and 

appropriate or suitable methods for the refinement of crude 

oil to obtain petro-diesel, diesel engine started evolving. 

Later after 1940, vegetable oils were used again as fuel in 

emerging situations, during the period of Second World 

War. Because of the increase in the crude oil prices, scarcity 

of fossils fuels and also for the environmental concern and 

environmental restrictions, researchers are trying to focus on 

vegetable oils for producing the most suitable alternate fuel 

to the diesel fuel, called biodiesel, the esters of vegetable oil.  

Researchers are making sincere attempts to find out the 

suitable alternative to diesel fuel which does not require any 

major engine modifications. In this paper, the results of 

some of the researchers have been summarized and 

compared to get the state of the art of Simarouba biodiesel 

production, its combustion, emissions and performances 

characteristics as CI engine fuels. 

Simarouba Glauca belongs to family 

Simarubaceae, commonly known as “The Paradise Tree” or 

“King Oil Seed Tree” or Laxmitaru tree is a multipurpose 

evergreen tree having a height of 8-15 m with tap root 

system. It is mainly found in coastal hammocks throughout 

South Florida. In India, it is mainly observed in Andhra 

Pradesh, Karnataka and Tamil Nadu etc. It can adapt a wide 

range of temperature, has the potentiality to produce 2000-

2500 kg seed/ha/year. However, in the present context the 

seeds are economically very important as they contain 60-

75% of oil, and can grow well in marginal lands/wastelands 

with degraded soils and therefore considered as a major 

forest tree. 

II. EFFECT OF SIMAROUBA GLAUCA BIODIESEL ON THE 

PERFORMANCE AND EMISSION CHARACTERISTICS OF THE 

ENGINE 

A. Engine Performance 

Shailesh Golabhanvi et al. [1] investigated the performance 

of single cylinder direct injection diesel engine using 
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Simarouba biodiesel (SOME) as fuel was evaluated for its 

performance, emission and combustion characteristics. The 

properties of SOME thus obtained are comparable with 

ASTM biodiesel standards. The produced SOME was 

blended with diesel (Simarouba-S20, S40, S60, S80 and 

S100) were tested for their use as a substitute fuel for diesel 

engine at an engine speed of 1500 rpm, fixed compression 

ratio 16.5:1, fixed injection pressure of 200bar and varying 

brake load. The performance parameters evaluated includes 

brake thermal efficiency, specific fuel consumption, exhaust 

gas temperature, Brake mean effective pressure, Air fuel 

ratio, Mechanical efficiency, Volumetric efficiency and also 

combustion and emission characteristics against varying 

Brake Load. They observed that brake specific fuel 

consumption is higher with S100. Brake specific fuel 

consumptions decreased with engine load and percentage of 

biodiesel in diesel fuel. In diesel engine due to less 

temperature initial combustion takes place with maximum 

fuel consumption. At higher brake power the SFC decreases. 

This may be due to fuel density, viscosity and heating value 

of the fuels and the blend S80 is almost tracing the path of 

diesel curve & this indicates blend S80 can be a favourable 

to existing diesel engine. Methyl ester of Simarouba oil 

(S80) results in a nearly equal in thermal efficiency as 

compared to that of diesel. The exhaust gas temperature is 

decreased with the methyl ester of Simarouba oil as 

compared to diesel. The brake mean effective pressure of all 

the blends of Simarouba oil as well as diesel increases with 

brake power. The air fuel ratio of diesel is observed that 

higher than that of the other blends of Simarouba oil and air 

fuel ratio of diesel and other blends of Simarouba oil 

decreases as the load increases. The volumetric efficiency of 

all the blends of Simarouba oil is almost traces the path of 

diesel. 

Vishwanath Kasturi et al. [2] investigated the 

Performance and Emission Characteristics of Simarouba 

Biodiesel and Its Blends on Low heat rejection Engine 

(LHR). The blends are S20, S40, S100, and diesel. They 

observe that 20% blend of Simarouba biodiesel in diesel fuel 

has almost same mechanical efficiency, same specific fuel 

consumption. They also suggest that S20 with LHR has 

higher brake thermal efficiency than normal engine D100 

this is because of increased combustion rate which provides 

complete burning of fuel and due to low heat rejection. Fuel 

consumption is higher in case of LHR engine due to 

increased temperature and completes combustion. Air fuel 

ratio decreases with increase in load because air fuel mixing 

process is affected by the difficulty in atomization of 

biodiesel due to its higher viscosity. The thermal efficiency 

of S20 is lower than diesel because the reason is large 

difference in viscosity, specific gravity and volatility. The 

thermal efficiency of S20 gives slight increase in brake 

thermal efficiency which is a positive sign with this blend. 

So we can conclude that without any modification in engine 

we can save diesel fuel for certain extent. Simarouba 

biodiesel shows lower heat release rate during premixed 

burning phase compared to diesel. The high viscosity and 

poor volatility of NE-D100 result in poor atomization and 

fuel air mixing rates. Heat release rate is more in LHR-S20 

compared to LHR-D100 and heat release rate in NE-D100 

(Normal Engine Diesel 100) and NE-S20 are almost similar. 

By studying performance characteristics on normal engine 

and low heat rejection engine, it can concluded that with 

20% blend we can achieve same characteristics as that of 

diesel fuel so S20 is the best blend  

Karthikayan.s et al. [3] investigated the effect on 

combustion and emission in constant pressure heat addition 

using vegetable oil and hydrogen aspiration using a standard 

diesel engine. The results of the experiment disclose that the 

application of hydrogen has improved combustion behavior 

of Neat Simarouba Glauca oil (NSGO). The results of the 

experiments showed that a considerable improvement has 

obtained in combustion and emission characteristics of 

NSGO. The results of the experiments expose that the 

performance of NSGO was improved sufficiently by 

hydrogen combustion enhancer. The superior properties of 

hydrogen such as higher calorific value, higher flame speed 

and gaseous nature helps to combust NSGO with higher 

performance and lower emission. The application of 15 

percent hydrogen + NSGO performance compared with 

diesel fuel. The results shows 5% higher brake thermal 

efficiency, the highest BTE produced by 15H NSGO is 33.2 

%. This is 5 % higher than diesel fuel and 13 % higher than 

NSGO. The addition of Hydrogen increase BTE of NSGO 

from 28.8 % to 33.2 %. 

Dilip Sutraway et al. [4] in this work they 

investigated the Effect of Fuel Injection Time on the 

Performance of CI Engine Using (Simarouba) Biodiesel as 

Fuel. The Simarouba Oil Methyl Ester (SOME) has been 

tested in a single cylinder four stroke diesel engines coupled 

with eddy current dynamometer. The test has been carried 

out for different blends S0, S20, S40 and S100 and different 

fuel injection timing such as 23˚BTDC Normal, 26˚BTDC 

Advanced, and 20˚BTDC retarded respectively. BTE, 

BSFC, Mechanical Efficiency and Exhaust gas temperature 

are measured. Experiments are conducted on the engine at 

different loads varying from 0 kg to 18.3kg with constant 

speed and different injection timing. The results of the 

experimental investigation indicate that the, with injection 

timing 20˚BTDC, 23˚BTDC and 26˚BTDC, blend S20 with 

injection timing 23˚BTDC (Normal) shows higher 

performance and less emissions for all blends at rated load 

and 220 bar injection pressure. BSFC is more for blends, 

The BSFC of blend S20 is best amongst all blends and 

nearly matches to that of diesel. Graph indicates that at 

normal injection timing 23˚btdc blend S20 is having higher 

BSFC compared to S40 and S100 at rated load. At advanced 

injection timing 26˚btdc blend S40 is having higher BSFC 

compared to S20 and S100 at rated load. At 23˚BTDC, 

lowest BSFC is for S0. Compared to S0, BSFC for S20, 

S40, S100 increases by 6.66%, 9.67%, 15.15% resp. This is 

because at 26˚ BTDC (advanced injection timing), longer 

delay period is achieved, leads to early combustion process 

which results in higher BSFC. At 20˚ BTDC (retarded 

injection timing), there is shorter delay period, which results 

in incomplete combustion and lower combustion pressure 

which results in higher BSFC. With the advancement of the 

injection timing, the specific fuel consumption increases 

whereas retarding leads to improvement. BTE increases 

with increase in load. Highest BTE is achieved with blend 

S0 (Diesel) at 23˚bTDC. BTE is low for S20 blend by 

2.58% compared to S0. Compared to S0, BTE for S100, 
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S40, S20 decreases by 2.58%, 3.33%, 4.89% respectively. 

Finally the author concluded that without any engine 

modification (at normal injection timing) blend S20 can be 

used as an alternate fuel. 

Sharun Mendonca et al. [5] investigated the 

performance and emission characteristics of Simarouba oil 

and Jatropha oil at 20% blend with diesel have been studied. 

Tests were carried out for analyzing various parameters such 

as thermal efficiency, brake specific fuel consumption 

(BSFC), emission of CO, HC and NOx gases in exhaust. 

S20 is more suitable biodiesel compare to J20. The brake 

thermal efficiency of S20 is decreases about 6% and J20 

decreases by about 12.5% compare to diesel at IP200 bar, IT 

20.50BTDC. The reason for this is poor atomization of 

biodiesel due to higher viscosity. In all injection pressure 

BTE of biodiesel is decreased. S20 as better BTE compare 

to J20. The BSFC of S20 is increased about 8.2% and J20 

increased about 15.8% compare to diesel. The reason for 

this is lower calorific value of biodiesel. S20 has 11% less 

BSFC compare to J20. The final results shows that the while 

using S20 and J20 the BTE is decreased and BSFC is 

increased. 

B. Emission Characteristics 

Shailesh Golabhanvi et al. investigated the performance of 

single cylinder direct injection diesel engine using 

Simarouba biodiesel (SOME) as fuel was evaluated for its 

performance, emission and combustion characteristics. The 

properties of SOME thus obtained are comparable with 

ASTM biodiesel standards. The produced SOME is blended 

with diesel (Simarouba-S20, S40, S60, S80 and S100) were 

tested for their use as a substitute fuel for diesel engine. 

Tests have been conducted at different blends of biodiesel 

with standard diesel, at an engine speed of 1500 rpm, fixed 

compression ratio 16.5:1, fixed injection pressure of 200bar 

and varying brake power. They studied the effects of NOx, 

CO and HC emissions in a Simarouba methyl ester fuelled 

DI diesel engine at different loads. Result shows that for all 

biodiesel blends the emission of HC is less than that of the 

diesel except at the full load. Unburnt hydrocarbons 

emission is the direct result of incomplete combustion. A 

reason for the reduction of HC emissions with biodiesel is 

the oxygen content in the biodiesel molecule, which leads to 

more complete and cleaner combustion. The NOx emission 

for biodiesel and its blends is higher than that of standard 

diesel except S80 at lower loads. It is well known that the 

biodiesel contains a small amount of nitrogen. It is observed 

that at full load S100 and D100 are same. And also the 

emission from diesel is larger than that of the Simarouba 

blends. The reason for higher NOx emission for blends is 

due to the higher peak temperature. For CO2 emissions it is 

observed that the emission for different blends of Simarouba 

increases initially and then it decreases and also observed 

that at full load condition emission of Simarouba blends is 

lower than that of the diesel. For CO emissions for different 

blends of Simarouba decrease slowly and then increases 

exponentially at full load condition. The emission of smoke 

for different blends of Simarouba and for pure diesel the 

smoke emission is going to increases slowly but at the full 

load condition the smoke emission is going to increase 

exponentially and it is also observed that at full load 

condition the emission of diesel is higher than that of the 

blends of Simarouba. It is concluded that by using blends of 

Simarouba biodiesel NOx, CO, SMOKE increases, this is 

the draw back and main emissions like CO2, HC decreases.  

Vishwanath Kasturi et al. studied the effects of 

NOx, CO and HC emissions in a Simarouba methyl ester 

blend with diesel in conventional engine and Low heat 

rejection Engine (LHR) engine. Results show that the fuels 

are producing higher amount of carbon monoxide emission 

at low power outputs and giving lower values at higher 

power conditions. Carbon monoxide emission decreases 

with increasing power output. With increasing biodiesel the 

20% CO emission level decreases. Biodiesel itself has about 

11 % oxygen content in it and it may helps for the complete 

combustion. Hence, CO emission level decreases with 

increasing biodiesel percentage in the fuel. It was found that, 

CO and HC emissions for LHR engine with biodiesel was 

considerably lower than LHR engine fuelled with diesel, this 

reduction of emissions due to excess oxygen availability 

along with higher operating temperature. NO emission for 

LHR engine with biodiesel fuel was higher than LHR engine 

fuelled with diesel. The operating conditions of LHR engine 

were favourable to NO formation. However this increase in 

emission level was within the acceptable limits.  

A Karthikayan.s et al. result shows that the highest 

NOx produced by 15H neat SG oil is 10.6 g/kW h. This is 

17% higher than diesel fuel and 33 % higher than NSGO. 

The addition of hydrogen increase NOx emission of NSGO 

from 7.1 g/kW h to 10.6 g/kWh the highest NOx produced 

by 15H neat SG oil is 10.6 g/kW h. This is 17% higher than 

diesel fuel and 33 % higher than NSGO. The addition of 

hydrogen increase NOx emission of NSGO from 7.1 g/kW h 

to 10.6 g/kW also the highest smoke is obtained with 15H 

neat SG oil than that of diesel and neat oil. The betterment 

of combustion by the addition of 15% hydrogen is the main 

cause for the lower smoke emission. The addition of 

hydrogen increases the rate of production of intermediate 

compounds and causes the fuel to combusts without visible 

smoke. It is observed that the CO and HC are obtained with 

15H neat SG oil than that of diesel and neat oil. The 

production of higher combustion temperature due to 

hydrogen co-combustion is the main reason for the 

decreased CO and HC emission. The higher flame speed of 

hydrogen develops uniform high temperature throughout the 

cylinder and hence the mixture was combusted with lower 

levels of CO and HC emission. The application of 15 

percent hydrogen + NSGO performance compared with 

diesel fuel, and the results are 5% higher break thermal 

efficiency, 17 % lower smoke, 5 % lower CO, 38 % lower 

HC, and 17 % higher NOx than that of diesel fuel operation. 

The improvement achieved by 15 percent hydrogen 

combustion enhancer with NSGO is 15 % in BTE, 40 % 

NOx, 20 % in smoke, 5 % in CO and 45 % in HC than that 

of NSGO operation (without enhancer). 

Dilip Sutraway et al. In this work they investigated 

the Effect of Fuel Injection Time on the Performance of CI 

Engine Using (Simarouba) Biodiesel as Fuel. The 

Simarouba Oil Methyl Ester (SOME) has been tested in a 

single cylinder four stroke diesel engines coupled with eddy 

current dynamometer. The test has been carried out for 

different blends S0, S20, S40 and S100 and different fuel 

injection timing such as 23˚BTDC Normal, 26˚BTDC 
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Advanced, and 20˚BTDC retarded respectively. CO, HC, 

CO2NOx and smoke density are measured using five gas 

analyzer and smoke meter. Experiments are conducted on 

the engine at different loads varying from 0 kg to 18.3kg 

with constant speed and different injection timing. The CO 

emissions are least for S0 and S100 at full load. At 20˚ 

BTDC and 26˚ BTDC CO emissions are more than 23˚ 

BTDC injection timing. At 20˚ BTDC CO emission are 

higher because of incomplete combustion, lack of oxygen 

and less combustion time or incomplete oxidation of CO to 

CO2. At 26˚ BTDC CO emission are higher because of 

incomplete combustion and shortage of oxygen. For blends 

S0 and S100 at 23˚ BTDC injection timing CO emissions 

are least. At 23˚ BTDC, Lowest CO is for S0 and S100. 

Compared to S0, CO for S20, S40 increases by 50% and 

60% respectively. This is because at 26˚ BTDC (advanced 

injection timing), longer delay period is achieved, leads to 

early combustion process which results in higher emissions 

of CO. At 20˚ BTDC (retarded injection timing), there is 

shorter delay period, which results in incomplete 

combustion and lower combustion pressure which results in 

higher emissions of CO. the HC emissions are least for S40 

and S100 at full load. At 20˚ BTDC and 26˚ BTDC HC 

emissions are less than 23˚ BTDC injection timing. For 

blends S0 and S20 at 23˚ BTDC injection timing HC 

emissions are high. For S20 26˚BTDC HC emissions are 

minimum. For S100 20˚ BTDC HC emissions are minimum. 

At 23˚bTDC, Max HC is for S0. Compared to S0, HC for 

S20, S40, S100 decreases by 27.02%, 43.24%, 43.24% 

respectively. For S20 blend at 23˚bTDC injection timing 

NOx emission is low and S40 blend at 23˚BTDC injection 

timing NOx emission is higher when compared to that of 

diesel because of lower combustion temperature. At 20˚ 

BTDC and 26˚ BTDC NOx emissions are less than 23˚ 

BTDC injection timing for all blends. At 23˚BTDC, 

Compared to S0, NOx increases for S100 by 5.07% 

respectively because of higher combustion temperature and 

presence of extra oxygen in biodiesel respectively and 

decreases for S20, S40 by 5.76% and 12.96% respectively 

because of lower combustion temperature. The smoke 

density increases with increase of concentration in 

Simarouba blends. At rated load, 23˚bTDC smoke density 

for S20 is higher than that of diesel. This is caused mainly 

due to the poor atomization, improper mixing of the fuel 

droplets with air and incomplete combustion because of the 

higher viscosity of the blends. For S100 at 26˚ BTDC there 

is reduction in smoke density as there is no diesel. At 

23˚bTDC, lowest smoke density is for S0, compared to S0, 

smoke density for S20, S40, S100 increases by 17.65%, 

24.28%, 24.47% respectively. 

III. CONCLUSIONS 

Biodiesel are viable alternative to mineral diesel as fuel in 

Compression ignition engine. The engine performances of 

Simarouba biodiesel are comparable to that of mineral 

diesel. Emission characteristics of Simarouba biodiesel are 

better than diesel fuel except NOX emission. The carbon 

monoxide, unburned hydrocarbon and particulate matter are 

found to be less in the tail pipe emissions. But oxides of 

nitrogen are found to be slightly greater in exhaust in case of 

Simarouba biodiesel compared to mineral diesel. The higher 

viscosity also enhances the lubricating property and excess 

oxygen content results better combustion for Simarouba 

biodiesel. 

Simarouba Glauca oil methyl ester satisfies the 

important fuel properties such as density, calorific value, 

flash point cloud point and fire point as per ASTM 

specification of Biodiesel. Many of the Researchers used so 

many blends such as S0, S20, S40, S80 and S100. Among 

these blends S20, S80, S0 gives better results. BSFC is more 

for blends. S20 matches nearly to that of diesel. BTE is low 

for S20 blend by 2.58% compared to S0. CO and smoke 

emission are less for blend S20. NOx and HC emissions are 

marginally high for blend S20. Without engine modification 

(at normal injection timing) blend S20 can be used as 

alternate fuel. Methyl ester of Simarouba oil (S80) results in 

a nearly equal in thermal efficiency as compared to that of 

diesel. The specific fuel consumption of diesel is almost 

equal for S80, at lower loads but at higher loads the SFC of 

all Simarouba blends is equal to diesel. The volumetric 

efficiency of all the blends of Simarouba oil is almost traces 

the path of diesel. Finally it is concluded that by using 

blends of Simarouba biodiesel NOx, CO, SMOKE 

increases, this is the draw back and main emissions like 

CO2, HC decreases. 

There are further scope in experimental 

investigation of Simarouba Glauca biodiesel in the direction 

of improvement of performance, reduced emission 

characteristics and save large quantity of petro fuel with the 

use of optimized blend of biodiesel and diesel instead of 

only diesel in CI engine by use of latest available fuel 

additives such as manganese, magnesium, molybdenum, 

nickel from market in blend of biodiesel and diesel without 

modification in CI engine. 
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