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ABSTRACT 
This article is a literature review of the effect of different fuel additives on performance and emission characteristics of CI 

Engine fuelled with blend of biodiesel and diesel. This study is based on the reports of researcher who published their 

findings.  It was reported that the metal-based additives improved flash point, pour point and viscosity of the biodiesel fuel, 

depending on the rate of additives. Use of multi functional additives for diesel will lead better fuel conservation and emission 

control takes place. Engine performance values did not change significantly with biodiesel fuels, but exhaust emission 

profile was improved.The addition of cerium oxide nano particles, with the modified biodiesel at different dosing levels of 

the additive showed an improvement in the efficiency of the engine. Anti oxygen additives quite effective in controlling 

NOx formation.  HC emission and PM emission smoke were reduced with the use of fuel base catalysts/ additives. 
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1. INTRODUCTION  

Biodiesel is a renewable and eco- friendly alternative 

diesel fuel for diesel engine. Biodiesel has higher 

viscosity, density, pour point, flash point and cetane 

number than diesel fuel. Biodiesel is an oxygenated 

fuel which contains 10–15% oxygen by weight. Also 

it can be said a Sulfur free fuel. These facts lead 

biodiesel to total combustion and less exhaust 

emissions than diesel fuel. Furthermore also the 

energy content or net calorific value of biodiesel is 

about 12% less than that of diesel fuel on a mass 

basis. Using optimized blend of biodiesel and diesel 

can help reduce some significant percentage of the 

world’s dependence on fossil fuels without 

modification of CI Engine, and it also has important 

environmental benefits. For example using optimized 

blend of biodiesel and diesel instead of the 

conventional diesel fuel significantly reduces the 

exhaust emissions particulate matter (PM), carbon 

monoxide (CO), sulfur oxides (SOx), and unburned 

hydrocarbons (HC). Moreover Additives are an 

essential part of today’s fuels. Together with 

carefully formulated base fuel composition, they 

contribute to efficiency reliability and long life of an 

engine. They can have surprisingly large effects even 

when used in parts per million (PPM) range. With 

use of fuel additives in the blend of biodiesel and 

diesel fuelled in CI Engine which furthers more 

improve performance, combustion, and diminish 

emission characteristics and also improved fuel 

properties which enhance the combustion 

characteristics.  

2. EFFECT OF FUEL ADDITIVE ON THE 

PERFORMANCE AND EMISSION 

CHARACTERISTICS OF THE ENGINE 

2.1 Engine Performance 

Researchers and scientists have used different fuel 

additives in blend of biodiesel and diesel fuelled in 

CI engine. A brief review of the effect of these fuel 

additives is presented here. Most of the 

researchers/scientists have reported that the 

performance of blend of biodiesel and diesel is higher 

when an additive is used. Ali Keskin et al. [1] 

investigated the influences of Mg and Mo based fuel 

additives on diesel engine performance running with 

tall oil biodiesel. A single cylinder DI diesel engine 

was used in the tests. The authors found that the 

engine performance values did not change 

significantly with biodiesel fuels. M.Shahabuddin et 

al. [2] investigated the experimental data analysis of 

different parameter of a Turbocharged (IDI) Diesel 

engine exhaust emissions while running with POME 

blended anti-corrosion additive as fuels. This 

investigation focused on the significant effects of 

additive on POME-Diesel blended fuels especially 

for B20+1% (20% biodiesel + 80% diesel + 1% 

additive). The additive used in this experiment is 

IRGANOR NPA (Product name) as a corrosion 

inhibitor for fuels. Final result implied that the bio 

diesel with some additives (B20+1%) shows best 

performance. S. Sivalakshmi et al. [3] presents effect 

of diethyl ether and ethanol as additive to biodiesel 

(Neem oil methyl ester) on the performance and 

emission characteristics of a diesel engine at different 

load and constant engine speed. Compared with 

biodiesel , slightly lower brake specific energy 

consumption for die ethyl ether and ethanol blended 

biodiesel fuels was observed, with all blends[BD-

1(5% diethyl ether  + 95% biodiesel), BD-2(10% 

diethyl ether+ 90% biodiesel), BE-1(5% ethanol + 

95%biodiesel),BE-2 (10%ethanol+90% biodiesel)] 

compare to biodiesel. Gvidonas Labeckas et al. [4] 

evaluate the effectiveness of the fuel multifunctional 

fuel additives Marisol FT (Sweden) and SO-2E 

(Estonia) as well as to verify their ability to increase 

energy conversion and reduce brake specific fuel 

consumption, when fuelling the Diesel engine with 

shale oil. The usage of multi-functional fuel additives 

has a positive influence on the BSFC rate. The 

biggest improvement was obtained when the Diesel 

engine was fuelled with the treated shale oil at light 

loads. In the speed range 1400–2000 rpm at bmep = 

0.3MPa, the application of the fuel additive Marisol 

FT reduces the BSFC from 355–328g/kWh to 290–

292g/kWh, i.e. the BSFC declines by 18.3–11.0%. In 

spite of the eight times higher premixing ratio 

applied, the additive SO-2E proves to have about the 

same influence on the BSFC levels. Y.V.Hanumantha 

Rao et al. [5] was evaluated the effect of using Multi-

DM-32 diesel additive and methyl-ester of Jatropha 
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oil as the fuel for its performance With the addition 

of additive there is better atomization of fuel takes 

place, leads to improved combustion hence fuel 

consumption was decreased with increase in power. 

Ali Keskin et al. [6] studied the effect of metallic fuel 

additive on performance characteristics of diesel 

engine fuelled with tall oil methyl ester. Metallic fuel 

additives improved properties of biodiesel fuels, such 

as pour point and viscosity values. Biodiesel fuels 

were tested in an unmodified direct injection diesel 

engine at full load condition. Specific fuel 

consumption of biodiesel fuels increased by 6.00%, 

however, in comparison with TE60 (Tall oil methyl 

ester), it showed a decreasing trend with use of 

additives. V.Sajith et al. [7] evaluate the addition of 

cerium oxide in the nano particle form on the 

individual fuel properties, the engine performance, 

and emissions are studied, and the dosing level of the 

additive is optimized. Number of experimental 

investigations has been reported with a wide variety 

of metal additives to improve the engine 

performance. G.R. Kannan et al. [8] investigated the 

use of ferric chloride (FeCl3) as a fuel borne catalyst 

(FBC) for waste cooking palm oil based biodiesel. 

The metal based additive was added to biodiesel at a 

dosage of 20 µmol/L. Experiments were conducted to 

study the effect of ferric chloride added to biodiesel 

on performance of a direct injection diesel engine 

operated at a constant speed of 1500 rpm at different 

operating conditions. The results exposed that the 

FBC added biodiesel resulted in a decreased brake 

specific fuel consumption (BSFC) of 8.6% while the 

brake thermal efficiency increased by 6.3%. 

2.2 Emission Characteristics 

K. Varatharajan et al. [9] studied the effects of 

antioxidants addition on NOx, CO and HC emissions 

in a jatropha methyl ester fuelled DI diesel engine at 

different Loads. Results show the potential benefit of 

antioxidant additives for NOx reduction in biodiesel 

fuelled diesel engines. The antioxidant additives L-

ascorbic acid, tocopherol acetate, butylated 

hydroxytoluene, p- Phenylenediamine and 

ethylenediamine were tested on computerized 

Kirlosker-make 4stroke water cooled single cylinder 

diesel engine of 4.4 kW rated power. Antioxidant 

addition has been shown to reduce NOx exhaust 

emissions Results indicate that considerable 

reductions in NOx were observed while using 

antioxidants and this reduction is not linearly 

correlated with the amount of antioxidants present in 

the biodiesel. The CO emissions increase as the 

antioxidant content in the biodiesel increases. At full 

load, highest CO emissions were observed with  

P-phenylenediamine (11.12 g/kW-hr) and BHT 

(10.38 g/kW hr), while the ethylenediamine (7.04 

g/kW hr) and tocopherol (8.89 g/kW hr) had the 

lowest. [9] M.Shahabuddin et al. [2] found that their 

study, among all the fuels with anti-corrosion 

additive, fuel B20+1% produce lowest level of CO 

emissions which is on average of 0.141 %, B20 is 

0.213% and OD is 0.296%. The difference between 

B20+1% and B20 shows the effect of additive in 

Biodiesel fuel especially with B20 fuel. The blended 

fuel with additive reduces friction between the 

cylinder wall and piston thus the heat loose is 

controlled in the cylinder and result in considerable 

reduction in NOx. Over the entire speed range, 

B20+1% fuel produces an average of 95 ppm and 

fuel B20 produces 123 ppm. Hence the 28 ppm 

reduction is due to the effect of 1% additive in B20 

fuel. It can be seen that additive added biodiesel fuel 

produces comparatively lower level of HC as 

compared to OD fuel. This is mainly due to complete 

combustion in the combustion process.     S. 

Sivalakshmi et al. [3] presents effect of diethyl ether 

and ethanol as additive to biodiesel (Neem oil methyl 

ester) on the emission characteristics of a diesel 

engine at different load and constant engine speed. At 

full load, for all fuel blends, CO (carbon monoxide) 

emission is found to be lower than B100 with the 

addition of additives in fuel blends. Lower CO 

emission was obtained with biodiesel fuels at all 

engine speeds. NOx emissions are found higher with 

Addition of diethyl ether and ethanol as an additive to 

NOME at all loads in diesel engine. NOx emission 

higher than the corresponding B100.may be due to 

more complete combustion, and leading to higher 

NOx emission. At full load, for all fuel blends. HC 

emission with various blend of biodiesel with 

additives are found to be higher than the 

corresponding neat biodiesel, with the addition of 

diethyl ether and ethanol as an additive in the blend. 

Gvidonas Labeckas et al.[4] showing the changes of 

nitric monoxide NO and nitrogen dioxide NO2 

concentration related to the load (bmep) at different 

rotation speeds when running the engine on shale oil 

with and without fuel additives. The usage of multi-

functional fuel additives during engine performance 

on shale oil may be regarded as a very efficient 

method that allows diminishing the NO and NO2 
concentrations at almost all engine performance 

conditions. When running the fully loaded engine at 

speeds of 1400, 1800 and 2200 rpm, the fuel 

additives SO-2E and Marisol FT reduce the 

maximum NO2 concentration by 33.7%, 41.6%, 

13.4% and 20.8%, 24.3%, 19.3%, respectively. 

Melissa A. Hess et al. [10] evaluated the effect of 

antioxidant addition on NOx emissions from 

biodiesel. Researcher added a common antioxidant, 

tert-butyl hydroquinone (TBHQ), to biodiesel as a 

possible method of NOx reduction. Other antioxidant 

like 2-Ethylhexyl nitrate (2-EHN), 2,2’-methylenebis 

(6-tert-butyl-4-methylphenol), vitamin E, tert-butyl 

hydroquinone, propyl gallate, diphenylamine, and 

butylated hydroxyanisole used their experiments on 

single cylinder, four strokes; naturally aspirated, 

direct injection diesel engine .The fuel used had a 

blend composition of 80% petro diesel and 20% 

biodiesel (B20). Additives were tested at a level of 

1000 ppm. Additive increases the cetane number of 

the fuel, which leads to shorter ignition times that 

result in decreased NOx emissions. The addition of 2-

EHN at 1000 ppm reduced NOx by 4.5%. 

Antioxidants that they found to be effective (such as 

n-propyl gallate and TBHQ) were tested in hopes that 

these additives would serve two functions, namely 

increasing storage stability and reducing NOx. The 

CO emission of biodiesel fuel decreased with adding 

of Mn and Ni base additives [6] V. Sajith et al. [7] 

found that The NOx emission was generally reduced 

on the addition of cerium oxide nanoparticles to bio 

diesel, where an average reduction of around 30% 

was found to occur with a dosing level of 80 ppm 

nanoparticles. Cerium oxide as an oxidation catalyst 
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also lowers the carbon combustion activation 

temperature and thus enhances hydrocarbon 

oxidation, promoting complete combustion. An 

average reduction of 25% to 40% in the hydrocarbon 

emissions was obtained for additive dosing levels 

ranging from 40 to 80 ppm of the additive. M. 

Pugazhvadivu et al. [11] evaluated A single cylinder 

direct injection diesel engine was fuelled with blends 

of biodiesel and diesel at different proportions. 

Diethyl ether was then added at different proportions 

to the blends. The addition of diethyl ether to the 

blends reduced the NOX emission at low and medium 

loads; however, at high loads the NOX emission was 

higher compared to diesel and lower compared to the 

corresponding biodiesel blend. the smoke emission 

was reduced using biodiesel blends. The availability 

of oxygen in the biodiesel blends leads to better 

combustion and reduced the smoke emission. The 

smoke emission decreased by 2%,16%,23% and 26% 

using B25, B50, B75 and B100 blends respectively 

compared to diesel at full load.[11]  The addition of 

15% and 20% DEE to biodiesel fuels was found to 

give significant reduction in smoke emission. The 

addition of 20%DEE to B25, B50, B75 and B100 

blends reduced smoke emission by 13%, 23%, 

34%and 36% respectively compared to diesel.[11] 

G.R. Kannan et al.[8] evaluated Effect of metal based 

additive in diesel engine fuelled with biodiesel. 

Researcher found that lowest CO emission of 1.9 

g/kW h was obtained with FBC added biodiesel at 

optimized operating condition. This is because FeCl3 

present in the biodiesel improves the oxidation of CO 

into CO2. The NO emission with FBC added 

biodiesel was 4.1% higher than that of biodiesel 

without FBC. This value was 11.3% lower than that 

of diesel fuel. Slight increase in NO emission is due 

to the presence of FBC which oxidizes the nitrogen 

into nitric oxide during the combustion process. The 

smoke opacity dropped to 31% from 52.8% at 100% 

load condition with FBC added biodiesel at 

optimized operating conditions compared to diesel. 

Smoke emission with FBC added biodiesel was 6.9% 

lower than that of biodiesel without FBC at the same 

operating condition. The reduction in smoke emission 

is due to presence of FeCl3, which acts as oxidation 

catalyst those results in significant improvement in 

oxidation of carbon into carbon dioxide. [8] 

2. 3 Fuel Properties Analysis 

In general, metal-based additives improved flash 

point, pour point and viscosity of the biodiesel fuel, 

depending on the rate of additives. [9] DEE has long 

been recommended as a cold starting additive in 

diesel engines and gasoline engines due to its low 

auto ignition temperature and high volatility. The 

properties of DEE permit it to be used as a fuel for 

compression ignition engines; either as a neat fuel or 

as a blend with diesel. The auto ignition temperature 

of DEE is lower than diesel. DEE has a high cetane 

number of greater than 125. Its heating value is 

comparable to that of diesel. The latent heat of 

vaporization is higher than diesel. DEE is a liquid at 

room temperature which reduces handling and 

storage problems. DEE is also non-corrosive 

compared to alcohols. The properties which need 

concern are its high flammability and poor storage 

stability. [11] The Effect of three cold flow 

improvers, namely, olefin ester copolymers (OECP), 

ethylene evinylacetatecopolymer (EACP) and 

polymethylacrylate (PMA), on the low temperature 

properties and viscosity–temperature characteristics 

of a soybean biodiesel was evaluated on a low 

temperature flow tester and a rotatory rheometer by 

Chen Boshui et al. [12] 

The pour point and cold filter plugging point of neat 

soybean biodiesel can be significantly reduced by 

formulating appropriate amount, e.g., 0.03%, of a 

mixture of olefin ester copolymers (OECP) as a pour 

point depressant. Other additives such as 

ethylenevinylacetatecopolymer (EACP) and 

polymethylacrylate (PMA) provided almost no 

impact on the cold flow properties of soybean 

biodiesel. [12] Mn and Ni based metallic additives 

reduced the pour point and the viscosity of biodiesel 

fuels, depending on the rate of the additives.[6] The 

flash point of the fuel gives an indication of the 

volatility of a fuel. The lower the volatility,  the 

higher the flash and fire points., the bio diesel shows 

an increasing trend for the flash point with the dosing 

level, which indicates a successive decrease in the 

volatility of the fuel with increases in the quantity of 

the fuel additive. As illustrated in Figure 1, this 

increase is nearly linear. Higher flash point 

temperatures are desirable for safe handling of the 

fuel. In this context, and because of its higher flash 

point temperature, the fuels modified with cerium 

oxide nanoparticles are inherently safer than the base 

fuels. [7] The influences of the dosing level of the 

additive and the temperature on the kinematic 

viscosity of bio diesel are illustrated in Figure 2 

which indicates that, the viscosity of the fuel 

decreases with an increase in the temperature for all 

dosing levels. Also, it is clear that the maximum 

percentage variation in the viscosity occurs at the 

highest temperature. Lower fuel viscosities may not 

provide sufficient lubrication of fuel injection pumps 

or injector plungers resulting in leakage or increased 

wear thus reducing the maximum fuel delivery. This 

imposes a limitation on the quantity of the fuel 

additive that can be used in enhancing the 

combustion performance of the fuel. [7] 

 
Figure 1: variation of flash point with nano particle 

dosing level for biodiesel [7] 
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Figure 2: Variation of kinematics viscosity of biodiesel 

with temperature at different dosing levels of the 

additives. [7] 

3 CONCLUSIONS 

From the study of fuel additives in CI engine it is 

found that, there is a benefit of adding fuel additive in 

biodiesel in terms of improved Brake power, BSFC 

and reduced emissions of CI engine. Antioxidants are 

quite effective in controlling NOx formations. Cold 

flow improvers improve viscosity–temperature 

characteristics of biodiesel. From this review indicate 

that There are further scope in experimental 

investigation in direction of improvement of 

performance, reduced emission characteristics and 

save large quantity of petro fuel with use optimized 

blend of biodiesel and diesel instead of only diesel in 

CI Engine by use of latest available fuel additives 

from market in blend of biodiesel and diesel without 

modification in CI Engine. 

ABBREVIATION 
BHT Butylated hydroxytoluene 

BMEP Brake mean effective pressure 

BSFC Brake Specific fuel consumption 

CI Compression Ignition  

CeO2 Cerium Oxide 

DEE Diethyl ether 

DI Direct injection 

IDI Indirect injection 

Mg Magnesium 

Mn Manganese  

Mo Molybdenum 

Ni Nickel 

NOME Neem oil methyl ester 

OD         Ordinary diesel 

PPM       Part Per Million 

POME Palm oil methyl ester 

RPM Rotation per minute 
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