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Abstract 

Alarmingly high rate of depletion of present energy sources 

and their non-renewable nature leads them non-lasting enough 

to meet the ever-increasing demand of energy. These energy 

sources like petroleum, coal, wind and nuclear energy are 

either concentrated in certain regions of the globe or 

technologically too sophisticated and not freely available. 

Further, petroleum and diesel have many environmental issues 

with them. The major pollutants emitted by their use are 

smoke, oxides of nitrogen (NOX), carbon mono oxide (CO), 

hydro carbons (HC) and carbon dioxide (CO2) are changing 

our climate rapidly, which is one of major threat poised in 

front of engineers, researchers, and by large every living being 

on the earth. In order to overcome the above threats a new 

source of energy is required to be found which is less 

polluting, renewable and can be made easily available on any 

place on the globe. One such alternative is “Biodiesel”. Many 

researchers have identified biodiesel derived from vegetable 

oils and animal fats as an alternative to petroleum and diesel 

due to similarities between physical and chemical properties 

between biodiesel, petrol and diesel. Biodiesel can be used 

directly in diesel engines or blended in various proportions 

with diesel or another biodiesel. Further, emission and 

combustion characteristics of biodiesel can also be improved 

on addition of various fuel additives such as solketal, ethanol 

and ethyl levulinate. In this paper an attempt has been made to 

comparatively discuss emissions and combustion 

characteristics obtained from pure biodiesel, diesel- biodiesel 

blends and various fuel additives. It is observed that biodiesel 

produces less CO, HC and smog emissions and more NOx 

emissions as compared to pure diesel and emission and 

combustion characteristics of biodiesel can further be 

improved on addition of solketal up to 15 %. 

Keywords: Biodiesel; CI engine Performance characteristics; 

Emission characteristics; Fuel additive; Soybean diesel. 

 

1. INTRODUCTION 

In one hand the fossil fuels alone are not sufficient and lasting 

enough to meet the ever-increasing demand of energy and on 

the other hand the emission norms are going to be more and 

more stringent in a phase-wise manner from past few decades 

and after Paris Climate deal the situation is bound to be more 

stringent. In this scenario researchers are looking hopefully 

towards the alternative fuels for power generation and 

transport sector.  Further, the paucity and pernicious effects of 

petroleum fuels adds in the need of clean and conservable 

alternatives. Due to similarities with petro-diesel, bio-fuels 

such as Biodiesel and vegetable oils are considered to be the 

most suitable substitute for petrol and diesel. Among other 

alternative fuels biodiesel and its blends placed themselves 

very high in research importance because of their renewable 

nature and low hydrocarbons and CO emissions [1].It is also 

considered as a clean fuel as it has almost no sulfur, no 

aromatics and has about 10% built-in oxygen, which helps it 

to burn completely and also gives it a high cetane number. 

Biodiesel may be easier to commercialize as compared to 

alternative fuels, and hence numerous vegetable oils have 

been tested as biodiesel [2]. Kalayasiri et al [3] surveyed 364 

different plant seed oils as promising fuel for diesel engine, 

both in the pure oil form as well as in the form of fatty acid 

methyl esters. From production aspect, more than 95% of 

biodiesel production feedstocks come from edible oils since 

they are mainly produced in many regions and the properties 

of biodiesel produced from these oils are much suitable to be 

used as diesel fuel substitute [4]. Biodiesel is produced by 

transesterification of oil. In this process one mole of oil is 

chemically reacted with three moles of an alcohol in presence 

of a catalyst to yield alkyl-based monoesters and glycerol as a 

bi-product [5]. Despite of low hydrocarbons and CO 

emissions the use of biodiesel in engines is not preferred due 

to its high viscosities, lower volatility and higher NOX 

emissions. Higher viscosity causes poor atomization of fuel 

and lower volatility leads to oxidative polymerization during 

combustion which results more gum deposits, carbon ring 

sticking, dilution of lubricating oil, injector coking, etc [6]. To 

overcome all such problems associated with the use of 

biodiesels in engine many researchers have experimented on 

various vegetable oils and animal fats to find the most suitable 

alternative oil like sunflower, rapeseed, cotton seed, soybean 

as renewable fuel sources [7, 11], in past years. Researchers 

have also experimented on addition of ethanol as a fuel 

additive in diesel and biodiesel to overcome various issues 

related with the use of biodiesels in the diesel engine for lower 

HC, NOX and CO emissions. Another fuel additive of greater 

importance is ethyl levulinate, it is produced from levulinic 

acid and can be used directly without any modification up to 

20% [33].  
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To promote Bio fuels in transport sector new energy 

legislative has been passed in Europe that states that by 2020, 

10% of the energy used in transport purpose should be 

produced from biofuels. Therefore production of glycerol is 

bound to increase as compared to its limited use in 

pharmaceuticals and cosmetics. So, to utilise the whole 

production a new application area of glycerol needs to be 

found [8]. Glycerol cannot be used directly as a fuel additive 

because of its high polarity, high boiling point and low 

calorific value but cyclic acetals and ketals produced from 

glycerol can be used as a fuel additive [9]. Solketal is 

produced when glycerol is reacted with acetone[10].Solketal 

reduces particulate emission and improves cold flow 

properties of fuels. Solketal also reduces the gum formation, 

oxidation stability and increases octane number in addition to 

gasoline. The similarity between fuel properties of ethanol and 

solketal makes it a strong alternative to ethanol [9]. Another 

fuel additive of great importance is alumina nano-particles. 

The addition of catalyst produces more torque and power as 

compared to diesel fuel. While the increase in NOx, exhaust 

gas temperature and reduction in the CO emission, HC 

emissions, and specific fuel consumption is observed. 

For organization of rest of the paper, review of the relevant 

literature is presented in section 2 followed by comparison of 

various performance and emission parameters in section 3. 

The conclusion is drawn in section 4. 

 

2. LITERATURE REVIEW 

Motor vehicles on the road are considered as major 

contributors to the deterioration of the environment and to the 

very high demand of petroleum. It has been proven that the 

pollutants emitted from motor vehicles have significant 

impacts on the ecological systems and the health of human 

beings. Thus alternative source to power motor vehicles is 

required which have less emissions and can substitute 

petroleum without making significant changes in the current 

vehicles. Biofuel, such as alcohol and biodiesel, could partly 

replace petroleum fuel, reduce toxic emissions and more 

importantly restrain the life-cycle emission of CO2. Many 

researchers have been working on of pure biodiesel, diesel 

and biodiesel blends, fuel additives in biodiesel within engines 

to overcome this problem because of similarities between 

petro-diesel and biodiesel. Moreover, their renewable nature 

and low hydrocarbons and CO emissions makes them the best 

alternative to substitute petrol and diesel Imtenana et al. [1]. 

On contrary to it, the problems associated with the biodiesels 

are their high viscosities, lower volatility and higher NOX 

emissions. Higher viscosity causes poor atomization of fuel 

and lower volatility leads to oxidative polymerization during 

combustion which results more gum deposits, carbon ring 

sticking, dilution of lubricating oil, injector coking, etc. [6]. 

Researchers are continuously working to overcome all the 

problems associated with the use of biodiesel and their 

different fuel blends, fuel additives have been found over 

years have been found over years to make biodiesel use in 

engines more convenient. This paper presents a brief review 

of use of biodiesel. The rest of the literature review is 

arranged in following three subsections. 

 

2.1. Biodiesel and diesel blends 

Pryor et al. [11] tested crude soybean oil, crude degummed 

soybean oil and soybean oil ethyl ester (SOEE) in a diesel 

engine and found similar power output results with diesel, 

soybean oil and its ester and increased brake specific fuel 

consumption (BSFC) for soybean oil and its ester. The 

exhaust gas temperature (EGT) for diesel was more than 

soybean biodiesel, but with soybean ester the EGT was less 

than that of diesel. Improved combustion characteristics for 

soybean ethyl ester in comparison to diesel were reported by 

the author. Deshpande et al. [12] used pongomia biodiesel 

blends and reported slightly higher brake thermal efficiency 

for pongomia biodiesel blend, a minor improvement in 

thermal efficiency was also observed by them on retarding the 

injection timing by 4 degrees at part loads. However, no 

change at full load was reported. Suryawanshi et al. [13] 

performed an experiment on coconut oil blend and found 

similar variations in cylinder gas pressure for biodiesel and its 

blends as variations in cylinder gas pressure with diesel and 

reported a 25% reduction of unburnt hydrocarbons and 42% 

reduction of smoke with almost same NOx emissions for 

biodiesel and coconut oil biodiesel. Pereira et al. [14] 

generated electricity by using soybean biodiesel and diesel 

fuel blends and found that almost similar amount of power is 

generated with 4% increase in fuel consumption. However 

lowest fuel consumption was reported for B20 (20% soybean 

biodiesel and 80% diesel fuel). CO emissions were reduced by 

9%, NOx were reduced by 10%, SO2 was reduced by 23% and 

an increase of 22% CO2 emissions was reported for biodiesel 

blend. Kim et al. [15] reported faster ignition, smaller 

particulate matter and lower peak of combustion pressure for 

soybean biodiesel. Author also reported lower carbon 

monoxide and hydrocarbon emissions and higher NOx for 

soybean biodiesel compared to diesel fuel at the same 

injection timing. Qi et al. [16] experimented on soybean crude 

Oil prepared by alkaline catalysed transesterification and 

found that higher viscosity at low temperatures, high flash 

point and shorter injection for biodiesel. The BSFC of 

biodiesel is higher as compared to diesel. The decrease of 

27%, 27%, 5%, 52% in emission of carbon monoxide, 

hydrocarbon, nitrogen oxides and smoke respectively under 

speed characteristics at full load is also reported. Berman et al. 

[17] studied the properties of castor oil biodiesel and 

concluded that this blend can be used as fuel alternative when 

blended in petro diesel but the upper blending level is limited 

to 10% only because of high levels of ricinoleic acid. Osborne 

et al. [18] reported increase in fuel consumption, reduction in 

HC, reduction in particulate matter (PM), reduction in CO, 

and increase in NOx in an engine fuelled with biodiesel. 

Kumar et al. [19] reviewed the performance and emission 

characteristics of Jatropha curcus, Pongomia  pinnata / 

Karanja, Cotton seed oil, Mahua oil, Linseed oil, Algae, 
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Rubber seed oil, Coconut oil, Soybean oil, Palm oil, 

Sunflower oil, Rape seed oil, Rice bran oil, Waste oil, 

Animals fat biodiesel, and concluded that in most of the cases 

hydrocarbon, CO emission are found significantly decrease 

with biodiesel and no confirm result is reported for NOx 

emission but shorter chain length saturated esters produces 

more NOx emission than longer chain length. The most highly 

unsaturated fuels (canola and soybean oil) produce the highest 

NOx emissions and they display poor oxidation stability while 

good in terms of cold flow properties and viscosity. Prajapati 

et al., [20] compared the performance and emission 

characteristics of diesel engine using different blends of 

Karanja oil (varying Karanja oil percentage from 10 to 100%) 

and Diesel as a fuel in their experiment. As compared to pure 

diesel, biodiesel produces less HC emission while BSFC and 

EGT is highest for pure biodiesel at all load conditions. 

 

2.2. Blends of biodiesel with biodiesel of different origins 

For more promisingresults, many researchers blended 

different biodiesels obtained from different origins. Devan et 

al. [21] blended 50% methyl Ester of Paradise oil and 50% 

Eucalyptus oil and used it as an alternative fuel in diesel 

engine and found 49% reduction in smoke, 34.5% reduction in 

HC and 37% reduction in CO with a 2.7% increase in NOx. 

Brake thermal efficiency (BTHE) also increased by 2.4%. 

Habibullah et al. [22] investigated the effect of palm or 

coconut biodiesel blend and their combination on the 

performance and emissions of a single-cylinder diesel engine. 

Different blends prepared by the author were PB20, CB20, 

PB5CB15, PB10CB10, and PB15CB5. These blends have 

lower average engine brake power (BP) (0.6% to 1.72%) and 

higher BSFC (3.24% to 4.07%) as compared to diesel engine. 

The CO and HC emission were reduced by 3.36% to 7.01% 

and 13.54% to 23.79%. The NOx emissions were 1.79% to 

4.49% higher for all the tested biodiesel blended due to high 

combustion temperature and presence of fuel-borne oxygen in 

the blend. Marcelino et al., [23] blended 20% and 50% methyl 

and ethyl esters of soybean oil and palm oil and waste frying 

oil and found that 20% soybean methyl Ester presented lowest 

emissions compared to the diesel fuel. Diesel ethyl blends 

have lower NOX emissions than methyl blends and Palm ethyl 

ester assured the lowest emissions. Celik et al. [24] blended 

equal amounts of soybean and hazelnut methyl Ester with 

diesel fuel and use it in a test engine. He reported for the 

blend having 70% diesel 15% hazelnut and 15% soybean 

biodiesel blends emissions of CO2 increased by 45.66% while 

CO emissions decreased by 48.88% and smoke emissions 

were found to decrease by 46.03% besides increasing rate of 

NOx was very high. El-Araby et al. [25] experimented on 

palm oil-biodiesel-diesel fuel blend. Author varied the 

percentage of palm oil / palm oil methyl ester up to 30 % and 

found no significant difference in fuel properties of the 

blends. 

 

 

2.3. Various fuel additives in biodiesel 

Many researchers have also experimented on addition of 

ethanol as a fuel additive in diesel and biodiesel. Other 

important fuel additives used by researchers are aluminium 

oxide, Solketal, ethyl levulinate, ethyl hexyl nitrate. Some of 

which are discussed below. Xiaoyan et al. [26] blended 

methyl soyate, ethanol and diesel fuel. Blend contains 5% 

ethanol, 20% methyl soyate and 75% diesel, and found a 

significant reduction HC, PM and 2 to 14% increase in NOx 

emissions, CO emissions were found to be dependent on 

operating conditions and a small amount of formal aldehyde, 

acetaldehyde and propionaldehyde and acetone were also 

measured in exhaust. Rakapoulos et al. [27] reported a slight 

reduction in NOx and CO emissions with a decrease in smoke 

density for an engine operating on 5% and 10% ethanol and 

petroleum diesel fuel blends. Zhu et al. [28] compared Euro V 

diesel fuel, pure biodiesel and biodiesel with 5%, 10% and 

15% of methanol or ethanol.Results showed that blended fuels 

have less NOX and PM emissions than diesel engine. 5% 

blend could reduce the HC and CO and improve the BTHE 

but NOX and PM were reduced with increase of alcohol in 

blends. Diesel oxidation catalyst (DOC) helps to further 

reduce the HC and CO and particulate emissions. Yilmaz et 

al., [29] showed that CO and HC emissions increases with 

increase of ethanol while NOx emissions reduces on 

increasing ethanol for an engine fuelled with diesel, biodiesel 

and ethanol blend. But reverse happens with biodiesel 

methanol and diesel blend. Methanol fuel showed higher 

brake specific fuel consumption than ethanol fuel. Younus et 

al. [30] investigated on tyre pyrolysis oil and diesel blend with 

additives (Ethanol and Ethyl Hexyl Nitrate) and found that 

brake thermal efficiency increases as the blend percentage 

increases (T10, T20, T30) and brake specific fuel 

consumption (BSFC), CO, HC and NOx emissions were 

lowered in comparison to neat diesel. Yasin et al. [31] blended 

biodiesel-ethanol-diesel in different proportions (B20E5D75, 

B20E10D70, B20E15D65, B20E20D60) and observed that 

BSFC of biodiesel-ethanol-diesel blend is being higher as 

compared to mineral diesel and the CO emission increases and 

NOX emission decreases by increasing alcohol percentage. 

Armas et al. [32] used 10% ethanol and 16% butanol blends 

and reported higher NOx and hydrocarbon (HC) emissions 

with reduced CO and particulate matter (PM) emissions. Lei 

et al. [33] used ethyl levulinate as a fuel additive to biodiesel 

and diesel. Results showed that the blends had similar 

physical and chemical properties to pure diesel. Improvement 

in cold flow properties was also reported by author. HC, CO 

emissions and smoke opacity were lower for blends than that 

of diesel, while the emissions of NOx and CO2were increased. 

Singh et al. [34] studied hybrid fuel comprising of coconut oil, 

aqueous ethanol with a surfactant (butan-1-ol) in a diesel 

engine. The results showed that efficiency of blend is close to 

diesel fuel, lower exhaust emissions except an increase in CO 

emissions. Fuel consumption in case of hybrid fuel is higher 

due to low gross calorific value of hybrid fuel but fuel can be 

used without any modification in CI engine. Himansh et al. 

[6] tested Jatropha Curcas oil (JCO) base hybrid micro-
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emulsion fuel comprising of pre-treated JCO-1-Butanol-

Ethanol in a variable compression ratio (VCR) direct injection 

CI engine and reported that BSFC of MHBF was slightly 

higher than diesel and comparable with other oxygenated 

fuels (JCOB100 and JCOB20) at all loading conditions. 

Alptkein et al. [35] compared ethanol-Cannola safflower 

biodiesel blend and fuel additive solketal- Cannola safflower 

biodiesel blend and found higher BSFC for blends than that of 

pure diesel. Blends showed higher NOX, CO2 emissions and 

lower CO and HC emissions. Solketal and ethanol blends with 

bio-diesel produced more or less similar results.A reduction in 

CO, NOX and HC emissions has also been reported by Alam 

et al. [36] on using aluminum oxide as a fuel additive in 

biodiesel. 

 

3. COMPARATIVE STUDY 

A comparative study of various fuel and their blends is carried 

out in different ways. The same is presented and explained in 

this section. 

 

3.1 Comparison of emission and BSFC: 

A comparison of various emission parameters and BSFC of 

various fuels and their blends and various fuel additives is 

tabulated in the table.1. From the table it can be seen that the 

best results are shown by the blend having solketal added up 

to 15 %. 

 

Table. 1: Comparison of emissions and BSFC of various fuels 

Fuel / Fuel blend HC 

(ppm) 

CO 

(ppm) 

CO2 

(%v) 

NOX 

(ppm) 

BSFC 

(g/Kwh) 

DIESEL 48 78 7.22 723 245 

Cannola-safflower 32 62 8.4 840 281 

Soybean 33 66 7.22 908 264 

Solketal 15% 31 51 7.2 930 280 

Ethanol 15% 23 58 7.7 950 274 

Methanol 15% 33 116 9 880 278 

Ethyl levulinate 38 60 8.73 982 306 

 

3.2. Vegetable biodiesel and Biodiesel: 

Biodiesel can be used directly in diesel engines without any 

modification. Biodiesel showed low CO, HC and smog 

emissions than diesel as evident from all the literature 

available. Biodiesel has almost no sulfur, no aromatics and 

has about 10% built-in oxygen, which helps it to burn 

completely and also gives it a high cetane number. Biodiesel 

may be easier to commercialize than other alternative fuels 

[2]. Soybean oil showed lesser exhaust gas temperature, more 

brake specific fuel consumption (BSFC) and improved 

combustion characteristics than diesel. Higher NOx 

emissions, poor oxidation stability and good cold flow 

properties and viscosity were shown by Cannola and Soybean 

oil. But biodiesel also has many problems associated with its 

use in diesel engines which are their high viscosities, lower 

volatility and higher NOX emissions. Higher viscosity causes 

poor atomization of fuel and lower volatility leads to oxidative 

polymerization during combustion which results more gum 

deposits, carbon ring sticking, dilution of lubricating oil, 

injector choking, etc. [6]. Similar cylinder gas pressure 

variations were reported for coconut oil. 

 

3.3  Biodiesel Blends 

Out of various biodiesel-biodiesel blends maximum reduction 

in CO and smoke emissions were reported by soybean and 

hazelnut oil biodiesel blend [24]. Lowest increase in NOx was 

reported for paradise oil and eucalyptus oil blend [21] and 

other emission and combustion characteristics showed similar 

results for this blend. 

 

3.4  Fuel additives 

Ethanol addition to diesel showed less NOx emissions than 

pure diesel. Xiaoyan et al. [26] showed that 5% addition of 

ethanol resulted in lower CO, HC and improved BTHE and 

NOx and PM emissions reduces with increasing ethanol 

percentage in biodiesel and the optimum percentage of 

ethanol in biodiesel is 15% [35] as evident from literature. 

Limited work has been carried out using solketal as a fuel 

additive but solketal can replace ethanol as a fuel additive as 

both shows comparable results when tested by Alptkein et al. 

[35]. Solketal addition to biodiesel showed optimum results 

for engine and emission characteristics. 

 

3.5 Addition of Nano additives 

Many researchers have used aluminum oxide additive with 

diesel and found an increase in oxidation rate and reduction in 

light of temperature. Aluminum oxide also prevents phase 

separation and an increase in brake thermal efficiency was 

observed. A reduction in CO, NOX and HC emissions has also 

been reported by Alam et al. [36]. Aluminum oxide can also 

be used for combustion of lean mixtures under all loading 

conditions. 
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Table 2: Comparative summary of effect of biodiesel on emission and combustion characteristics 

S.No. 
Author Blend Testing Method CO2 CO NOX HC BSF

C 

BTHE 

 

Densit

y 

1 Pryor et al., (1983) Crude soybean oil Increasing speed I D N.A. D I D N.A. 

2 Deshpande et al., (2005) Pongomia oil Increasing speed I D I D I D N.A. 

3 Suryawanshi et al., 

(2006) 

Coconut oil Increasing speed I D I D I N.A. N.A. 

4 Pereira et al., (2007) Soybean biodiesel Increasing blend 

ratio 

D D D N.A. I D I 

5 Kim et al., (2008) Soybean biodiesel For same injection 

timing 

I D I D I N.A. I 

6 Qi et al., (2009) Soybean biodiesel Increasing speed D D D D I I I 

7 Osborne et al., (2011) Soybean biodiesel Increasing blend 

ratio 

D D I D I N.A. N.A. 

8 Prajapati et al., (2016) Karjana oil Increasing load I D I I N.A. N.A. N.A. 

9 PK Devan et al. (2008) Paradise oil and 

Eucalyptus oil 

Increasing load I D I D I I N.A. 

10 Habibullah et al., (2015) Palm oil and coconut 

oil blend 

Increasing speed D D I D I I N.A. 

11 Marcelino et al. (2016) Soybean, Palm oil and 

Waste frying oil 

Increasing load D D I D I N.A. N.A. 

12 Celik et al., (2017) Soybean, Palm oil and 

Diesel 

Increasing load I I I I D I I 

13 El-Araby et al., (2017) Palm oil and Diesel oil 

blend 

Increasing blend 

percentage 

N.A. N.A. N.A. N. A N.A. N.A. I 

14 Xiaoyan et al., (2006) Ethanol as additive Increasing speed D D D I I I D 

15 Rakapoulos et al., (2008) Ethanol as additive Increasing blend 

percentage and load 

D D D D I I N.A. 

16 Zhu et al., (2010) Ethanol as additive Increasing blend 

percentage &BMEP 

D D D I I I N.A. 

17 Zhu et al., (2010) Methanol as additive Increasing blend 

percentage &BMEP 

D D D D I I N.A. 

18 Yilmaz et al., (2012) Ethanol as additive Increasing blend 

percentage & load 

D D I D D N.A. N.A. 

19 Younus et al., (2013) Ethanol and ethyl 

hexyl nitrate as 

additive 

Increasing blend 

percentage & load 

D D D D D I N.A. 

20 Armas et al., (2014) Ethanol and Butanol as 

blends 

 D D I I N.A. N.A. N.A. 

21 Lei et al., (2016) Ethyl levulinate as fuel 

additive 

Increasing blend 

percentage & speed 

I D I D N.A. N.A. N.A. 

22 Singh et al., (2013) Ethanol and Butanol as 

blends 

Increasing load I I I I D I N.A. 

23 Himansh et al., (2016) Jatropha Curcas oil Increasing blend 

percentage & load 

I D I I D I D 

24 Alptkein et al., (2017) Solketal as additive Increasing speed I D I D D D I 
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4.0 CONCLUSIONS 

After comparison of results obtained by various researchers 

on addition of solketal, ethanol, ethyl levulinate, methanol and 

aluminum oxide (refer to table 2, where ‘D’, ‘I’ ‘N.A.’ , 

‘BTHE’ and ‘BSFC’ indicates decrease, increase, not 

applicable, brake thermal efficiency and brake specific fuel 

consumption respectively), it can be concluded that biodiesel 

shows a great potential to be used as an alternative to 

petroleum which is also reflected in various government 

policies of blending petrol with ethanol. The future work is 

required to test different blends of biodiesel, ethanol, solketal 

and other additives to find the most promising i.e. efficient, 

easily available, cost effective and environment friendly blend 

to be used in engines instead of diesel. Some advancement 

and changes in both diesel and petrol may be helpful in 

getting the requisite performance of engine with bio-diesel 

blends. 
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