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ABSTRACT 

  The increased demand for renewable energy sources and developing countries like India’s need to secure its energy supply 

has spurred interest in development of bio fuel production whereas the exhaust emission of the biodiesel is deteriorating the 

environment also. The aim of the research is analyze the emission characteristics of used vegetable oil methyl ester (UVOME) and its 

blends. Used vegetable oil methyl ester is derived through transesterification process in the presence of two different catalyst such as 

Sodium hydroxide (NaOH) or Potassium hydroxide (KOH). A single cylinder, water cooled, four stroke diesel engine was used for 

this work. The following fuels were tested such as diesel, B20N, B20K, (where K and N are denoted as the catalyst KOH and NaOH 

respectively) and observed the exhaust emission characteristics in terms of concentration of NOx, CO, HC, particulate matter and 

smoke density. The obtained results of diesel, used vegetable oil methyl esters and their blends with diesel by volume were compared. 

Compared to diesel, the emission of Carbon monoxide (CO) and Hydro Carbon (HC) emission are reduced with increase in % of BK 

and BN blend. Compared to B20N, the emission of HC is slightly increased in B20K. The value of Oxides of Nitrogen (NOx) is 

increased in B20N and B20K. Compared to B20N the emission of NOx is slightly higher in B20K. However the Particulate matter 

and smoke density of B20 blends are lower than the diesel; among B20N and B20K, the B20N has the lower values. 
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INTRODUCTION 

  Compression ignition (CI) engines are more far and wide used compared to spark ignition (SI), greater thought is being 

committed to expand an alternative source of fuel for the CI engine. When vegetable oils are fuelled with a CI engine, the CI engine’s 

safety should be considered as a major factor. Vegetable oils and their suitability as an alternative to diesel fuel have been considered 

as a topic of research. The alternative fuels must be technically and environmentally acceptable, and economically spirited. The 

problem of increasing demand of fuel, engine performance and emissions characteristics are greater threat to the field of automobiles. 

The majority research on biodiesel has paying attention on using plant based oils as feed stocks. One possible source of oil is Used 

Vegetable Oil (UVO). It has been retrieved from waste oil after cooking. From this UVO, the bio diesel can be produced through 

transesterification process. The properties of the fuels were determined using standard methods. Experiments were conducted on a 

single cylinder naturally aspirated direct injection, air cooled stationary diesel engine. The engine performance and emission 

characteristics of diesel engine which is fuelled with various methyl esters such as rice bran oil methyl ester, Waste cooking oil 

methyl ester Jatropa (JME), Fish oil (FME), Pungamia methyl esters (PME) and their diesel blends have been investigated already. In 

this article the emission characteristics of used vegetable oil methyl esters such as BN, BK and its B20 blends were investigated. 

MATERIALS AND METHODS 

Production of bio diesel: 

Materials: Two types of the used vegetable oil methyl esters (UVOME) were produced by using the used vegetable oil (Used 

Sunflower oil), methanol and catalyst. The raw materials for producing bio diesels of BN and BK are shown in Table1. 

Method of Producing Bio diesel: The biodiesel is retrieved through transesterification process. Transesterification is also known as 

alcoholisis. It is the reaction of fat or oil with an alcohol to form esters and glycerin. A catalyst is used to improve the reaction rate 

and yield. Among the alcohols, methanol and ethanol are used commercially because of their low cost and their physical and chemical 

advantages. They rapidly react with triglycerides, NaOH and KOH and are simply dissolved in them. During the process of 

transesterification, used vegetable oil (Used Sunflower oil) reacts with   methanol in the presence of catalyst NaOH and form used 

vegetable oil methyl ester and glycerol as bi-product. A particular quantity of UVO and methanol were taken in the reactor. A few 

grams of the catalyst NaOH were also added to reactor. The reactor was heated up to below the boiling point of methanol that is 60oC 

and the contents need to mix forcefully fast for 2-3 hours till the methyl ester was formed so that the chemical reaction should take 

place with effect. The mixture was cooled to room temperature and few drops of hydrochloric acid were added to neutralize it. Then 

the contents were washed with Luke warm distilled water and allowed to settle overnight in a separator vessel. But the result can be 

far better if the mixture in mixing tank is kept for 24 hours. Two layers were formed, top layer was the used vegetable oil methyl ester 

and the bottom was glycerol. The glycerol was settled down at the bottom of the reactor because bio-diesel is lighter than glycerin. 

The glycerin was drained off using the separator valve fitted at the bottom of the reactor. To retrieve the better yield of UVOME, the 

experiments were conducted for different proportions of used vegetable oil, Methanol in presence of NaOH and the results were 

recorded. The same proportions of UVO, methanol in presence of KOH were also recorded. From the experiments results the better 

yield of UVOME in presence of NaOH which is called as BN and UVOME in presence of KOH that is BK were compared.  

Experimental engine setup: The performance tests were carried on a single cylinder, four stroke, and water-cooled kirloskar 

computerized diesel engine setup. Diesel engine was directly coupled to an eddy current dynamometer. The engine and dynamometer 

were interfaced to a control panel, which was connected to a computer. This computerized test rig was used for reading the test 

parameters such as fuel flow rate, temperature, air flow rate, and load for calculating the engine such as power, brake specific fuel 

consumption, brake thermal efficiency, etc. An AVL smoke meter was used to measure the smoke density in HSU. The exhaust 
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emissions were measured by using exhaust gas analyzer. High volume sampler was employed to measure the particulate matter in 

exhaust.  The experimental engine setup is as shown in fig.1. Experiments were conducted when the engine was fuelled with diesel, 

UVOME and their blends with proportions of 20:80, (by volume), which is generally called as B20 respectively. The experiments are 

conducted for diesel, Bio diesel blends of B20N and B20K. 

RESULTS AND DISCUSSIONS 

Carbon Monoxide (CO) Emission: The result for the variation in the CO-emission for diesel, B20N and B20K blends with varying 

load conditions is presented in the fig 1. It is observed that, CO emissions are greatly reduced with the addition of BN or BK to diesel. 

The emission of CO is reduced by 16% for B20N blends and also the emission of CO is reduced by 15% for B20K blends at rated 

load condition. Compared to diesel and B20K, the emission of CO is reduced when B20N fuel is tested.CO is mainly formed due to 

the lack of oxygen. Since BK, BN are oxygenated fuels; it leads to better combustion of fuel resulting in the reduction of CO emission 

than diesel. 

Emission of Hydro Carbons (HC): The unburnt hydrocarbons emissions for B20N and B20K blends are compared with diesel are 

shown in fig 2. HC emissions are reduced over the entire range of loads for the blends of B20N and B20K. If 20% of BN is increased 

in the blend with diesel; the emission of HC is reduced by 2.5 % at rated load condition. Compared to diesel, the emission of HC is 

reduced when B20N fuel is tested. The emission of HC is reduced by 2.1% at 100% load condition when the engine is fuelled with 

B20K. Compared to B20N, the emission of HC is slightly increased in B20K fuel blend. Compared to diesel, the fuels B20K and 

B20N emit less HC because B20N and B20K fuels are having better combustion than diesel.   

Emission of Oxides of Nitrozen (NOx): The result for the variation in the NOx emission for diesel, B20N and B20K with varying 

load conditions is presented in the fig 3. It is observed that, NOx emissions are slightly increased with the addition of BN or BK to 

diesel. The emission of NOx is increased by 16% for B20N blend and also the emission of NOx is increased by15% for B20K blend 

at rated load conditions. Compared to diesel and B20N, the emission of NOx is higher when B20K fuel is tested. The reason for NOx 

increase is that the ignition occurs more quickly with B20N and B20K fuels. The steady improvement in the emission of Nitrogen 

oxides (NOx) with increase in percentage of UVOME in the diesel. It is found to be that NOx increase may be associated with the 

oxygen content of the UVOME, since the oxygen present in the fuel may provide additional oxygen for NOx formation.  

Particulate matter (PM) Emission: Particulate matter emissions are as a consequence of incomplete combustion. Particulate matter 

emissions are higher for diesel than all other biodiesel blends of B20N and B20K. The Particulate matter emissions of B20K and 

B20N blends are compared with diesel are shown in the fig 4. When the blends are increased in percentage, the particulate matter 

emission is reduced. It is found to be that, compared to diesel particulate matter is reduced by 2.2%, which is obtained for B20N and 

also reduced by 2% when the B20K fuel is tested. The particulate matter emission of the B20N is higher than the bio diesel blend of 

B20N. Compared to diesel, the blends of BN and BK emit less particulate matter emission, because of the combustion characteristics 

of   bio diesel blends of BN and BK.  

Smoke Density (SD): Smoke density is higher in diesel than all other biodiesel blends. Smoke density of the blends of BK and BN 

are compared with diesel are shown in fig 5, which is described as B20N, B20K are compared with diesel. When the blends are 

increased in percentage, the smoke density is reduced. It is found to be that, Smoke density is decreased by 3.18% which is obtained 

for B20N, where as the obtained result of B20K is reduced by 3%.The obtained value of smoke density of the B20K is slightly higher 

than the bio diesel blend of B20N. This may be due to the combustion characteristics of   bio diesel blends of B20N and B20K.   

Table 1. Raw materials for producing bio diesels 

Bio diesel Raw materials 

Oil Alcohol Catalyst 

BN Used vegetable oil Methanol NaOH 

BK Used vegetable oil Methanol KOH 

 

                                   Figure.1.CO-emission for Diesel, B20N and B20K with varying load conditions 
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 Figure.2. HC-emission for Diesel, B20N and B20K with varying load conditions  

 

 
 

Figure.3.NOx-emission for Diesel, B20N and B20K with varying load conditions 

 

 
 

Figure.4.Particulate matter -emission for Diesel, B20N and B20K with varying load conditions 

 
 

Figure.5.Smoke density for Diesel, B20N and B20K with varying load conditions 
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CONCLUSION 

 The bio diesels were produced from used vegetable oil through transesterification. The emission characteristics of CO, HC, NOx, 

particulate matter and smoke density of B20N and B20K were compared with diesel. It is concluded that compared to diesel, the 

emission of CO and HC are considerably reduced when the engine is fuelled with B20N and B20K. Compared to B20N fuel blend, 

the emission of CO and HC are slightly lower than B20K fuel. The obtained value of NOx for B20N and B20K is higher than that of 

diesel. Compared to B20N fuel, the emission of NOx is slightly increased in B20K fuel. It is found to be that when compared to 

diesel, particulate matter emission and smoke density were reduced when the B20N and B20K fuels were tested. Compared to B20N 

fuel blend, the emission of particulate matter and smoke density are slightly lower than B20K fuel.  
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