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Abstract - The aim of the present investigation is to extract the biodiesel from dairy scum oil and to evaluate the 

performance and emission parameters with standard diesel fuel. Dairy scum oil is treated with an adequate measure of 

CH3OH which required and quantity of sodium hydroxide as a catalyst which is accessible in bio-chemical 

laboratories. Transesterification process was adopted to produce biodiesel under an optimized  reaction temperature of 

60 
0
C , the reaction time of 85 minutes, the quantity of methanol to oil ratio (1:3), the concentration of sodium 

hydroxide (0.6% v/v). Experimental investigation were conducted in CI DI engine to check the performance and 

pollutant characteristics of methyl esters of dairy scum oil by varying the injection pressures as 160 bar, 180 bar, and 

200 bar. The essential performance parameters such as specific fuel consumption, BTE and emission parameters such 

as CO, CO2, HC, NOx  are found out and contrasted the results of biodiesel with the regular diesel fuel. The dairy scum 

biodiesel can be used as an alternative fuel and the properties obtained were within the ASTM standards. 
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I. INTRODUCTION 

The trends in global energy consumption surveys depict 

that a main chunk of overall energy consumed is obtained 

from combustion of fossil fuels. Predominantly among 

fossil fuels, liquid petroleum-based fuels contribute 

significantly due to their distinct physico-chemical and 

combustion properties. But, the major concern here is 

liquid fuel reserves are limited and may exhaust any time, 

and their economic utilization is the fact bothering all 

researchers [1, 2]. Biodiesel is a renewable fuel obtained 

from animal fat or vegetable oil through a complex 

chemical process and can be employed as any direct 

substitute, extender or as an improver to fossil diesel fuel 

in CI engines [3]. The important factor is that biodiesel 

fuel could be directly used in existing automobile engines 

with a minute or no hardware modifications in engine 

design. These biodiesels are produced through a chemical 

reaction of animal fat or vegetable oils with 

methanol/ethanol in the occurrence of a catalytic agent to 

make glycerol as a main byproduct [4-8]. Biodiesel 

chemical name is methyl or ethyl ester. Sivakumar et al. 

[9] used dairy scum oil with an alkali-catalyzed 

transesterification process to produce biodiesel of waste 

dairy scum oil by using gas chromatography test and 

obtained maximum biodiesel yield of 96.7% by using 6:1 

molar ratio, KOH of 1.2% wt at a stirring speed of 350 

rpm, 30minutes of reaction time and a reaction 

temperature of 75 0C.The measured physicochemical 

properties are within the ASTM standards.Banapurmath et 

al. [10]  BTE for methyl esters of pongamia oil, sesame oil 

jatropha oil, and conventional diesel fuel was 29.51%, 

30.4% and 29% and 31.25%.Emissions for HC and CO 

were more than that of traditional diesel fuel. Canakci et 

al. [11] by using the methyl esters of canola oil and waste 

palm oil, the brake power lowered by 4% to 5%, BSFC 

increased by 9% to 10%. Emissions such as THC 17% to 

26% depressed, CO2 reduced by 5% to 8%, smoke opacity 

reduced by fifty-six to sixty-three percentage, NOx 

increased by eleven to twenty-two percentage over 

conventional diesel fuel. Buyukkaya et al. [12] concluded 

that by using rapeseed biodiesel blends there was a 

reduction in peak pressure by 55 bar, maximum HRR 

reduction by 14%, IDT (ignition delay time) found to be a 
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reduction by 32% at an engine speed of 2000 rpm. Zhu et 

al. [13] concluded that peak pressure and HRR would be 

maximum as the loads increased from 75% to 100% for 

biodiesel ethanol blends juxtaposed to regular diesel fuel 

and biodiesel. Ghosh et al. [14] the maximum load 

conditions, BTE of diesel fuel, pongamia oil biodiesel and 

soybean oil biodiesel were 34%, 27.75% and 29.54%. 

Exhaust gas temperature of methyl esters of soybean oil, 

diesel fuel and methyl esters of pongamia oil were 430 0C, 

392 0C and 400 0C respectively. Emissions such as HC for 

methyl esters of soybean oil and pongamia oil were 21 

ppm and 7 ppm respectively, NOx of methyl esters of 

pongamia oil was 42 ppm increased over methyl esters of 

soybean oil and 67 ppm increased over diesel fuel. Daho et 

al. [15] BSFC of methyl esters of cottonseed oil and its 

blends (B20, B60, B40, B100 and B80) exhibited 26%, 

14% and 21% higher over diesel fuel at 25%, 50% to 75% 

and 100% respectively. BTE of biodiesel blends was 

observed to be elevated from 3% to 6% over diesel fuel at 

higher loads. Lenin et al. [16] BSFC for mahua biodiesel 

showed, a higher BSFC for biodiesel, i.e., 0.2929 kg/kW-

hr juxtaposed to diesel fuel, i.e., 0.2741 kg/kW-hr and 

BTE for mahua biodiesel slightly decreased compared to 

diesel. At full load condition, CO emissions were 25% 

higher juxtaposed to diesel fuel, HC pollutants reduced by 

11%, NOx slightly reduced by 1%.Sekar et al. [17] 

analyzed experimentally by using Nerium biodiesel to 

assess the performance and pollutant characteristics. BSFC 

were lower per BP (kW) resulting in improving the 

mileage of the vehicle. The TFC (in kg/hr) for B10, B5 

and B15 were 0.25, 0.13 and 0.3123 respectively lesser 

than diesel. Naga Sarada et al. [18] conducted experiments 

by changing IPs of 180 bar, 195 bar, 210 bar, 225 bar, and 

240 bar by using methyl esters of cottonseed oil in a diesel 

engine. At 210 bar injection pressure, BTE was enhanced 

from 25% to 28% by increasing the IP from 180 bar to 210 

bar. Lowered the HC pollutants from 1720 ppm to 1480 

ppm at 210 IP. They concluded that at 210 IP, methyl 

esters of cottonseed oil gave better  performance and 

reduced pollutants juxtaposed to diesel fuel. Sundaresan et 

al. [19] concluded that performance parameters such as 

BTE of jatropha biodiesel blends reduced over diesel fuel 

by 7%.Thus, the main intend of the present investigation is 

to evaluate the physico-chemical properties of dairy scum 

biodiesel after transesterification process, then  optimized 

the parameters such as reaction temperature, reaction time, 

methanol/oil ratio to maximize the production of biodiesel 

using dairy scum oil. Experimental investigation has been 

conducted to analyze and compare the effect of increase or 

decrease in thermodynamic properties such as temperature 

on performance and emissions parameters for various 

biodiesel fuels and diesel fuel. 

 

II. MATERIALS AND METHODS 

2.1 Production of biofuel and its properties. 

Dairy scum oil were collected and  transesterification 

process was carried out to produce biodiesel. In the first 

step, acid was used for converting fatty acids into methyl 

esters of vegetable oils and Methanol (6:1 molar ratio),  

and then in the second step base catalyzed 

transesterification was done using Sodium 

Hydroxide(NaOH) (1% of oil) in order to produce methyl 

esters with reaction time of 90 minutes and reaction 

temperature of 65 0C and stirred at 500 rpm [6,7,11]. The 

methyl esters of dairy scum oil were produced in 

transesterification set up. B10, B20, B30, B40, B50 and 

B100 were used to test the Performance and Emission 

parameters by blending with diesel and comparing the 

results with that of diesel fuel. A Kirloskar AV-1, single 

cylinder CI DI engine was used for the experimentation 

and Eco gas-4 analyzer was used for emission test. 

III. RESULTS AND DISCUSSIONS 

3.1: Performance characteristics of diesel engine 

The test was conducted by varying the load from 0% to 

100% for biodiesel derived from dairy scum oil and its 

blends varying from B10 to B50 and B100 by maintaining 

the constant engine speed of 1500 rpm, by changing the 

IPs as 160 bar,200 bar, and 180 bar. The outcomes got 

were contrasted, with those of regular diesel fuel. The tests 

were performed for different load condition at 6 different 

blends from B10, B20, B30, B40, B50, B100 and their 

contrast of brake thermal efficiency, specific fuel 

consumption for methyl esters of dairy scum oil with 

regular diesel fuels were observed. The experiments were 

tested at different blends of biodiesel for investigating the 

BTE, SFC on the performance parameters of the 

compression ignition engine utilising dairy scum biodiesel 

and pollutants such as CO (%), HC (ppm), CO2 (%), and 

NOx (ppm). The results obtained at different blends of 

methyl esters of dairy scum oil were contrasted with those 

of regular diesel fuel. The optimised results obtained for 

the blend B20 for tested performance and emission 

parameters compared to other blends of methyl esters of 

dairy scum oil. 

3.2: Brake thermal efficiency. 

From figures, 4 to 7 show the BTE deviations with 

changing engine loads for different injection pressures of 

160 bar, 180 bar, and 200 bar. The deviations of BTE with 

engine load at changing IPs of 160 bar, 180 bar and 200 

bar are shown in figures from 4 to 7. BTE for diesel fuel is 

31.4%, 32.3% and 33.1% and for B20 blend of dairy Scum 

biodiesel is 34, 34.1, and 35.2% respectively. Biodiesel 

showed BTE of 7.64%, 5.2%, and 6% improvement over 

diesel fuel at an IPs of 160 bar,180 bar and 200 bar 

respectively. As load increases, the BTE increases for all 
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blends of biodiesel fuels and diesel fuel. BTE at an IP of 

200 bar got the highest efficiency of 35.2% for B20 blend 

of dairy scum biodiesel. Results revealed from 

experimentation that BTE escalations with augment in IP 

caused by greater oxygen content; atomization is  good at 

higher IPs as the complete combustion occurs even though 

fuel quantity injected in same quantity at various injection 

pressures. 

3.3:Specific fuel consumption (SFC). 

The Figures from 8 to 11 show the deviation of BSFC with 

changing loads for different blends of methyl esters of 

dairy scum oil and regular diesel fuel at different IPs such 

as 160 bar, 180 bar, and 200 bar. The deviations of SFC 

with engine load at changed IPs of 160 bar, 180 bar, and 

200 bar are shown in figures from 8 to 11. At IP of 160 

bar, 180 bar and 200 bar, SFC for diesel fuel is 0.27 

kg/kW-hr, 0.267 kg/kW-hr, and 0.26 kg/kW-hr, for B20 

blend of 

dairy scum biodiesel is 0.25 kg/kW-hr ,0.245 kg/kW-hr, 

and 0.24 kg/kW-hr  respectively at full load condition. 

Biodiesel showed SFC (kg/kW-hr) of 7.47%, 8.23%, and 

7.69% reduced over diesel fuel at an IPs of 160 bar, 180 

bar, and 200 bar correspondingly at maximum load 

conditions. As load increases, the BSFC decreases for all 

blends of biodiesel fuels and regular diesel fuel. BSFC at 

an IP of 200 bar got lowest of 0.24 kg/kW-hr for B20 

blend of dairy scum biodiesel. Results revealed from 

experimentation that BSFC reduced with an increase in IP 

due to a higher temperature, higher oxygen content and 

atomization is good at higher IPs as the complete 

combustion occurs even though fuel quantity injected in 

same quantity at various injection pressures. 

Table 1: Properties of Dairy scum biodiesel         

   

 

Fig.1: Line diagram of Engine setup 

                            
       Fig.2: Photograph of the engine set up.                                Fig.3: Computerized engine. 

3.4 Carbon dioxide (CO2). The Figures from 12 to 15 

show the deviation of CO2 with changing loads for 

different proportions of methyl esters of dairy scum oil and 

regular diesel fuel at different IPs such as 160 bar, 180 bar 

and 200 bar. The deviations of CO2 (%) with engine load 

at changed IPs of 160 bar, 180 bar and 200 bar are shown 

in figures from  12 to 15. At IP of 160 bar, 180 bar and 

200 bar, CO2 (%) 

for regular diesel fuel were 7.5%,7.9% and 9% and for 

B20 blend of dairy scum biodiesel they were 8.6%, 8.7%, 

and 9.6% correspondingly at maximum load condition. 

biodiesel showed CO2 of 12.7%, 9.19% and 6.25% 

increase over diesel fuel at injection pressure of 160 bar, 

180 bar, and 200 bar correspondingly at maximum load 

conditions. 
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As load increases, the CO2 (%) increases for all blends of 

biodiesel fuels and diesel fuel. CO2 (%) at an IPs of 200 

bar got the highest of 9.6% for B50 blend of dairy scum 

biodiesel. Results revealed from experimentation that CO2 

(%) increases with increase in IP because biodiesel 

contains higher oxygen content results in complete 

combustion which increases CO2 concentration. 

3.5. Carbon Monoxide (CO) (%): The Figures from 16 

to 19 show the deviation of CO with changing loads for 

different blends of methyl esters of dairy scum biodiesel 

and regular diesel fuel at different IPs such as 160 bar, 180 

bar, and  200 bar.The deviations of CO (%) with engine 

load at changing IPs of 160 bar, 200 bar and 180 bar are 

shown in figures from 16 to 19. At IPs of 160 bar, 180 bar, 

and 200 bar , CO (%) for diesel fuel were 0.16%, 0.15%, 

0.135% and for B50 blend of dairy scum biodiesel were 

0.132%, 0.125% and 0.108% respectively at full load 

condition. Biodiesel showed CO of 17.5%, 16.6% and 

20% reduced over diesel fuel at an injection pressure of 

160 bar, 180 bar and 200 bar correspondingly at maximum 

load conditions. As load increases, the CO (%) increases 

for all blends of biodiesel fuels and diesel fuel. CO (%) at 

an IP of 200 bar got a reduction of 20% for B50 blend of 

dairy scum biodiesel. Results revealed from 

experimentation that CO (%) reduces with an increase in 

IP because  biodiesel contains higher oxygen content 

resulting in complete combustion which results  in a 

reduction in CO concentration. 

 3.6 Hydrocarbon (HC in ppm). 

The Figures from 20 to 23 showed the deviation of 

Hydrocarbons (ppm) with changing loads for different 

proportions of methyl esters of Dairy scum biodiesel and 

diesel fuel at different IPs such as 160 bar,180 bar and 200 

bar. The deviations of HC (ppm) with engine load at 

changed IPs of 160 bar, 180 bar and 200 bar are shown in 

figures from 20 to 23. At injection pressure of 160 bar, 180 

bar, and 200 bar, HC (ppm) for diesel fuel were 157 ppm, 

151ppm, and 136ppm and for B50 blend of dairy scum 

biodiesel were 145 ppm, 132 ppm, and 117 ppm 

respectively at full load condition. Biodiesel showed HC 

(ppm) of 7.64%,12.58%, and 13.97% reduced over 

diesel fuel at an IP of 160 bar,180 bar and 200 bar 

correspondingly at maximum load conditions. As load 

increases, the HC (ppm) augmented for all blends of 

biodiesel fuels and diesel fuel. HC(ppm) at an IP of 200 

bar got a reduction of 13.97% for B50 blend of dairy scum 

biodiesel. Results revealed from experimentation that HC 

(ppm) reduces with an increase in IP because biodiesel 

contains higher oxygen content results in complete 

combustion which results in reduction in HC (ppm) 

concentration. 

3.7  Oxides of Nitrogen (NOx).The Figures from 24 to 27 

showed the deviation of NOx (ppm) with changing loads 

for various proportions of methyl esters of dairy scum oil 

and diesel fuel at different IPs such as 160 bar, 180 bar, 

and  
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Fig.4: BTE vs Load at IP 160 bar. 

 
Fig.5: BTE vs Load at IP 180 bar. 

 
Fig.6: BTE vs Load at IP 200 bar. 

 
Fig.7: BTE vs Load. 

 
Fig.8: SFC vs Load at IP 160 bar. 

 
Fig.9: SFC vs Load at IP 180 bar. 

 
Fig.10: SFC vs Load at IP 200 bar. 

 
Fig.11:SFC vs Load. 

 
Fig.12:CO2 vs Load at IP 160 bar. 
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Fig.13: CO2 vs Load at IP 180 bar. 

 
Fig.14: CO2 vs Load at IP 200 bar. 

 
Fig.15: CO2 vs Load. 

 
Fig.16: CO vs Load at IP 160 bar. 

 
Fig.17: CO vs Load at IP 180 bar. 

 
Fig.18: CO vs Load at IP 200 bar. 

 
Fig.19: CO vs Load. 

 
Fig.20: HC vs Load at IP 160 bar. 

 
Fig.21: HC vs Load at IP 180 bar. 
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Fig.22: HC vs Load at IP 200 bar. 

 
Fig.23: HC vs Load. 

 
Fig.24: NOx vs Load at IP 160 bar. 

 
Fig.25: NOx vs Load at IP 180 bar. 

 
Fig.26: NOx vs Load at IP 200 bar. 

 
Fig.27: NOx vs Load. 

 

200 bar. 4.11% increase over diesel fuel at IPs of 160 bar, 

180 bar, and 200 bar respectively at full load conditions. 

As load increases, the NOx (ppm) increases for all blends 

of biodiesel fuels and diesel fuel. NOx (ppm) at an IP of 

200 bar got a reduction of 4.11% for B20 blend of dairy 

scum biodiesel. NOx formation in compression ignition 

engines is due to flame temperature which in turn is also 

related to peak pressure inside the cylinder which results in 

augmenting in-cylinder temperature. The physico-

chemical factors such as kinematic viscosity and density 

are thefactors for the rise in cylinder pressure of 

compression ignition engine fuelled with biodiesel will 

cause the advanced combustion process which results in 

higher NOx formation.The concentration of O2 and N2 

present in the combustion zone is also the main reason for 

NOx formation . As the engine load incremented, NOx 

formation increased because of drop-in heat loss and 

amplified power with augmenting in load consequently 

increase in temperature inside the cylinder. NOx emission 

formation will be higher for biodiesel and its blend 

compared to diesel fuel, and also NOx concentration will 

be greater with the escalation in methyl esters of dairy 

scum oil concentration. 

 

IV. CONCLUSIONS. 

1. After the exhaustive study of all the methyl esters of 

dairy scum oil and blends of Dairy scum biodiesel and 

mineral diesel, the optimised biodiesel combination 

obtained was B20.  

2. After transesterification of methyl esters of dairy scum 

oil, the kinematic viscosity decreased, and specific gravity 

reduced and calorific value augmented. 

3. The diesel engine performed with biodiesel as fuel, so 

that the methyl esters of dairy scum oil and diesel blend 

can be used as an alternative fuel in existing diesel engine 

without any modification in the system. For B10, B20, 

B30, B40, B50, and B100 fuel blends, for B20 the BTE 

was 34.6% and for diesel it was 33.1% at full load 

condition, and it is improved by 4.33% over diesel fuel at 

B20. 

4. BSFC for methyl esters of dairy scum oil B20 blend was 

less than all the other blends for all operating conditions 

and less than diesel fuel at B20, i.e., for B20 it is 0.245 

kg/kW-hr and for diesel it was 0.26 kg/kW-hr, and 4.89% 

reduction over diesel. 

5. The NOx (ppm) for blends of methyl esters of dairy 

scum oil, B20 was found to be low indicating lower heat 

loss through exhaust gas, i.e., for B20 the NOx was 267 

ppm and for diesel, it was 256 ppm, a 4.11% 

improvement. 

6. The HC (ppm) for blends of methyl esters of dairy scum 

oil, B20 was found to be lower through exhaust gas, i.e., 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-04, Issue-07, Oct 2018 

477 | IJREAMV04I0743103                        DOI : 10.18231/2454-9150.2018.0989                      © 2018, IJREAM All Rights Reserved. 

 

for B50 the HC was 119 ppm and for diesel, it was 136 

ppm, and 12.5% reduction over diesel fuel. 

7. The CO for blends of methyl esters of dairy scum oil, 

B20 was found to be low indicating lower heat loss 

through exhaust gas, i.e., for B20 the CO was 0.108% and 

for diesel, it was 0.135%, and 20% reduction over diesel 

fuel. 

8. The CO2 (%) for blends at methyl esters of dairy scum 

oil, B20 was found to be higher through exhaust gas, i.e., 

for B20 the CO2 was 10.8% and for diesel, it was 9%, a 

16.67% increased. 
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