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Abstract— Increasing energy demands, depletion of fossil 

fuels and stringent emission norm surged the scientific 

community to search for alternate fuels such as biodiesel for 

diesel engine applications which bridge the gap between 

demand and energy source for automotive sector. The quench 

of man’s desire of alternate fuel for current diesel engine and 

stringent emission norms of internal combustion engine are a 

challenging task that are brought in deep thought. Bio-fuels 

like ethanol and bio-diesel being environment friendly, will 

help us to conform to the stricter emission norms. 

International experience has demonstrated the advantages of 

using ethanol and methanol as automotive fuel. Since blends 

below 10% of ethanol do not present any problem and reduce 

harmful emission. The gases emitted by petrol and diesel 

driven vehicles have an adverse effect on the environment 

and human health. There is universal acceptance of the need 

for reducing such emissions. Biodiesel is one of the 

promising substitute source of energy fuel in the 

transportation sector due to rapid depletion of petroleum 

reserves on one side and increased energy demand as well as 

environmental pollution hazards on the other side, metal 

based additives along with the variations in physio-chemical 

properties, and its effect on performance and emission 

aspects. 
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I. INTRODUCTION  

Petroleum fuel is a non-renewable source of energy. The 

petroleum reserves have been depleting and there is rise in 

petroleum prices. But there is an enormous upsurge in 

number of vehicles each year which has regenerated interest 

in alternative fuels. The biodiesel has emerged as alternative 

for diesel fuel due to its renewable nature, better ignition 

quality, comparable energy content, higher flash point. 

Biodiesel refers to a vegetable oil or animal fat-based diesel 

fuel consisting long chain of esters. It is made by chemically 

reacting the lipids with an alcohol producing fatty acid esters. 

A lot of researches have been conducted on internal 

combustion engines using biodiesel fuel and it shows that the 

engines produce less carbon monoxide, smoke emissions and 

unburned hydrocarbon compared to diesel fuel but higher 

NOx emission. Diesel engine combustion yields large 

amounts of NOx because of high flame temperatures in 

presence of ample oxygen and nitrogen in the combustion 

chamber. Upsurge environmental concerns and tougher 

emission norms have led to the development of advanced 

engine technologies to reduce NOx. Exhaust Gas 

Recirculation is one of the most efficient methods to decrease 

NOx emission in diesel engine. 

EGR is used to solve the problem of excessive NOx 

emission from the biodiesel exhaust EGR is operated by re-

circulating the gas produced by the diesel engine exhaust 

back to the engine cylinder, so that the exhaust gas which is 

re-circulating replaces some of the excess O2 in the pre-

combustion mixture. At higher temperature which is about 

13710C, the formation of NOx will be faster. Chemical gases 

are formed from the chemical reaction between nitrogen  and 

oxygen in the combustion chamber. When these gases react 

with HC with the presence of sunlight, a black haze will 

appear in the skies known as smog. The EGR reduces the 

amount of NOx in the exhaust gas emission by re-circulating 

it into the intake manifold where it mixes with air-fuel-ratio 

charge. The result of the mixing of inlet air with re-circulated 

gas is that peak combustion temperature and pressure are 

reduced by diluting the mixture of air-fuel-ratio at these 

conditions. 

Introducing an EGR with engine will reduce NOx 

emission, simultaneously it will increase other emission 

parameters like: HC, CO, CO2 etc. With advanced fuel 

injection systems, fuel injection pressures have risen by an 

order of magnitude in comparison to older mechanical fuel 

injection systems. It is therefore very important to investigate 

the effect of fuel injection pressure on comparative 

performance, emissions and combustion characteristic of 

biodiesel and mineral diesel for effective utilization of 

biodiesel in modern CI engines. 

The injector opening pressure 240bar performance 

and emissions inferior than injector opening pressure 200 bar, 

this is due to that at higher pressure, the size of fuel droplets 

decreases and very high fine fuel spray will be injected, 

because of this, penetration of fuel spray reduces and 

momentum of fuel droplets will be reduced. Advancing the 

injection timing, performance and emission characteristics 

have been improved significantly. 

A lot of experimental studies have been conducted 

on the performance analysis of engine parameters and its 

emission. It was found that the emissions like: unburnt 

hydrocarbons, carbon monoxides and soot formation are 

reduced with increase in injection timing, whereas slight 

increase in BTE and CO2 were observed. 

Bio-fuels like ethanol and bio-diesel being 

environment friendly, will help us to conform to the stricter 

emission norms. International experience has demonstrated 

the advantages of using ethanol and methanol as automotive 

fuel. Since blends below 10% of ethanol do not present any 

problem and reduce harmful emission. The gases emitted by 

petrol and diesel driven vehicles have an adverse effect on the 

environment and human health. There is universal acceptance 

of the need for reducing such emissions. Biodiesel is one of 

the promising substitute sources of energy fuel in the 

transportation sector due to rapid depletion of petroleum 

reserves on one side and increased energy demand as well as 

environmental pollution hazards on the other side. Metal 

based additives along with the variations in physio-chemical 

properties, and its effect on performance and emission 
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aspects. The influence of nano-metallic additives like Al2O3, 

CNT, CeO3, ZnO2, TiO2, CoO2, CuO, FeO2, and others 

with respect to properties, performance and emission were 

analyzed in detail. The addition of nano-metallic additives to 

the biodiesel through various forms significantly improves 

the properties and it contributes to enhanced performance 

with reduced emissions. 

There are many investigators who have used nano 

particles or nano fuels doped biodiesel/diesel in diesel engine 

and have found better combustion phenomenon, and lesser 

specific fuel consumption using aluminum, iron and boron 

nanoparticles. 

Biodiesel is produced through a process in which 

organically derived oils are combined with alcohol (ethanol 

or methanol) in the presence of a catalyst to form ethyl or 

methyl ester. The biomass-derived ethyl or methyl esters can 

be blended with conventional diesel fuel or used as a neat fuel 

(100% biodiesel). Biodiesel can be made from any vegetable 

oil, animal fats, waste vegetable oils, or microalgae oils. 

II. LITERATURE SURVEY 

Harish Venu
 

and Venkataramanan Madhavan [1]:- Their 

work is dedicated to the comparative experimental study of 

biodiesel-ethanol blends in a compression ignition engine 

using TiO2 (Titanium oxide) nanoparticle, ZrO2 (Zirconium 

oxide) nanoparticle and DEE (Diethyl ether) additives.. 

Addition of nanoparticles increases the oxidation rate, 

reduces the light-off temperature and creates large contact 

surface area with the base fuel thereby enhancing the 

combustion with minimal emissions. Experimental results 

shown that addition of Titanium nanoparticles increased 

NOx, HC and smoke with lowered BSFC and CO. Whereas 

addition of Zirconium nanoparticles increases BSFC and HC 

emissions with lowered CO, CO2  and smoke emissions in 

comparison with BE blends. DEE addition to BE blends 

improved the heat release rate and increased HC, CO 

emissions were observed with lowered BSFC, NOx and 

smoke. 

B.R.RameshBabu et al [2]: They have done 

emission analysis of vegetable oil, Jatropha oil and rubber 

seed oil crushed from the seed, esterified and blended with 

pure diesel fuel. A single cylinder constant speed direct 

injection (DI) diesel engine has been used to analyze the 

emission characteristics of biodiesel. The diesel engine for 

various fuel injection pressures (210,220 and 240 bar) at no 

load to full load was investigated. The injection pressure was 

changed in the engine head by adjusting the fuel injector 

spring tension. The two proportions of biodiesel were used in 

diesel engine such as 20% of biodiesel (Jatropha oil and 

Rubber seed oil) with 80% of pure diesel fuel named as B20 

and 40% of biodiesel with 60% of pure diesel fuel named as 

B40.From the test result, the nitric oxide (NOx) was analyzed 

for different injection pressures. In emission characteristics 

analysis, it was found that the increase in injector opening 

pressure increases the NOx emission. The injection pressure 

of 240 bars and B20 proportion gives better emission 

reduction compared to other blended fuels. The injection 

pressure was reduced from the designed pressure as 210 bar, 

the Nox  was increased. The  injection pressure increased as 

220 bar, the Nox was reduced. For 220 bar pressure less 

amount of NOx was emitted when compared to 210 bar 

pressure. Further increasing of injection pressure to 240 bar, 

the NOx  was again reduced. Finally for the B20 blend at 240 

bar, the NOx emission was very less which gives better 

performance when compared to the other injection pressures 

and proportions. From the test result, it was found that the 

increasing of injection pressure in a single cylinder constant 

speed diesel engine reduces the NOx emission considerably 

to a minimum level. 

Z.H. Zhang [3] The test engine is a 4-cylinder water 

cooled direct-injection diesel engine. The engine was coupled 

with an eddy current dynamometer to measure performance 

and the engine speed and torque were controlled by the Ono 

Sokki diesel engine test system. Regulated emissions 

including HC, NOx, and CO were measured using online 

exhaust gas analyzers. Experiments were carried with the 

diesel fuel taking up 80% and 70% of the desired engine load, 

with bland fumigation methanol providing 20% and 30% of 

the desired engine loads. 

B. Ashok et al [4] have found that 

Calophylluminophyllum oil is non-edible in nature could be 

used as a source for biodiesel esterification in India and it is 

also available in abundant quantities in places such as 

Southern east and East Asia and Australia. The research work 

examines the suitability of Calophylluminophyllum as 

promising feedstock for biodiesel production and its 

employability in diesel engine operation. It can be seen that 

the CIME biodiesel resulted in slight decrease in brake 

thermal efficiency. The hydrocarbon and carbon monoxide 

emissions are reduced with the use of biodiesel with 

significant penalty in oxides of nitrogen emissions. 

A. Praveen et al [5]:-An investigational research 

was carried out to evaluate the performance and emission 

characteristics of a single cylinder diesel engine by using 

Calophyllum Inophyllum biodiesel blends with TiO2 

nano-additives and exhaust gas recirculation (EGR). The 

Calophyllum Inophyllum biodiesel-diesel blend was 

prepared by mixing 20% of Calophyllum Inophyllum 

biodiesel with 80% diesel  (B20) in volumetric approach 

The CO and HC emissions were reduced with the  addition  

of  TiO2  nanoparticles  to  the  B20  fuel  and  increased  

with  the  EGR  method  compared  to the  B20  fuel. It is 

concluded that Calophyllum Inophyllum biodiesel blend 

(B20) with  the  addition  of  TiO2   nanoparticles  and  

EGR  technique  exhibits  better  engine  performance  and 

reduced emissions compared to the other fuels. 

Ahmed I. El-Seesy et al [6]:- An experimental The 

Al2O3 nanoparticles with concentrations varied from 10 to 

50 mg/l by step of 10 mg/l were mixed into JB20D fuel blend 

with the help of ultrasonic stabilization. The results  of  the  

present  study  revealed  that  JB20D  slightly  reduced  the  

engine  performance  and  increased  its emission  

characteristics  at  all  engine  tested  operating  conditions  

as  compared  to  pure  diesel  oil. Utilizing of Al2O3   

additives was found to improve all engine performance  

characteristics. While  the  best  of  both  mechanical  

performance  and  engine  combustion  characteristics  were  

achieved  at  a  concentration  of  40 mg/l,  where  the  

reduction in the brake specific fuel consumption – bsfc was 

by 12% and increase in the cylinder peak pressure – pmax, 
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the maximum rate of pressure rise – dp/dθ max, and 

maximum rate of gross heat release  

C.Srinidhi et al [7]: carried out on a Single Cylinder 

Tangential Vertical-I VCR Engine which was fuelled with 

blends of palm oil methyl ester and conventional diesel in 

volumetric proportions of B10, B20 and B30. Later Nio 

Nanoparticle is dosed in each mixtures of POME-Diesel of 

20 and 40ppm in each blend. The experimental analysis 

shows that the fuel blend with Nanoparticle gives better 

thermal efficiency of 6.2% and reduction in BSEC and BSFC 

by 5.119% and 5.6% respectively in comparison with its 

regular Biodiesel blends. 

M.srinivasa rao et al [8] have found that a sequence 

of experimental investigations conducted on a biodiesel 

fueled Direct Injection Compression Ignition (DICI) engine 

with an objective of improving its working characteristics 

using Aluminum Oxide Hydroxide(AlO(OH)) nanoparticle 

as a fuel. 

Zuohua Huang [9] in this paper to study cylinder 

pressure analysis was conducted in a compression ignition 

engine. To increasing methanol mass fraction of the 

diesel/methanol blends would increase the heat release rate in 

the burning in combustion chabar and shorten the combustion 

duration of the diffusive burning phase. The ignition delay 

increased with the advancing of the fuel delivery advance 

angle for both the diesel fuel and the diesel/methanol blends. 

The maximum mean gas temperature remained almost near 

about to diesel fuel, a slight increase with the advancing of 

the fuel delivery advance angle, and it only slightly increased 

for the diesel/methanol blends compared to that of the diesel 

fuel. To increase a cylinder gas pressure increased with the 

advancing of the fuel delivery advance angle. 

Rakhi n. Mehta et al [10] have found that 

Experimental investigation to study the burning 

characteristics, engine performance and emission parameters 

of a single-cylinder Compression Ignition (CI) engine using 

Nano fuels which were formulated by sonicating 

nanoparticles of aluminum (A1), iron (F1) and boron (B1) in 

base diesel. Volumetric reduction of 25–40% in CO emission, 

8% and 4% in hydrocarbon emission was measured when the 

engine was fueled with A1 and F1 respectively as compared 

to emissions from diesel. 

C.Srinidhi et.al [11]: investigated variation of SIT to 

NiO at various loading conditions using Neem Biodiesel 

blend of 25%. They observed that BTHE for 27 deg bTDC 

provided higher efficiency than 23 deg bTDC. 

Sivalakshmi et al. [12] studied the performance and 

emission characteristics of a diesel engine fueled 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. 

J. Sadhik basha et al [13] have conducted 

experiment on a single cylinder constant speed diesel engine 

to establish the effects of Carbon Nanotubes (CNT) with the 

Jatropha Methyl Esters (JME) emulsion fuel. The 

experimental results revealed an appreciable enhancement in 

the brake thermal efficiency for the CNT blended JM 

emulsion fuels compared to that of neat JME and neat JME 

emulsion fuel. At the full TORQUE, the brake thermal 

efficiency for the JME fuel observed was 24.80%, whereas it 

was 26.34% and28.45% for the JME2S5W and 

JME2S5W100CNT fuels respectively. 

III. CONCLUSION 

To any alternate fuel, the basic expectations are to get better 

efficiency and lesser emission. Based on above experimental 

findings it is quite unclear that which method either EGR or 

impregnation of Nano additives are provide better 

performance and lesser emissions. Many authors expose 

better results from Nano fuel dosed in biodiesel.  
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