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1. Title of the thesis and abstract 

Title: 
Development and performance analysis of hybrid biodiesel as sustainable fuel for automotive 

applications 

Abstract: 
Biodiesel (BD) despite its suitability as a diesel fuel alternative suffers from poor oxidative 

stability, poor cold flow properties, insufficient supply, higher cost, and higher NOx emissions as 

compared to diesel which poses difficulties in storage and utilization as fuel. As the properties of 

biodiesel largely dependent on the fatty acid profile of the feedstock which contains different fatty 

acids in different proportions, one feedstock cannot satisfy all the requirements of the ideal 

biodiesel composition. By cultivating non-edible jatropha crops, economically backward 

communities can diversify their crop portfolio, generate substantial incomes, and hence facilitate 

economic and social development. Utilizing waste cooking oil for biodiesel production would give 

alternative applications to waste along with solving problems arisen due to the disposal and 

utilization of waste cooking oil.  

Biodiesels produced from jatropha and waste cooking oils were blended in different volume ratios. 

A total of 11 samples of biodiesels were prepared, their properties were measured and their 

dependence on the fatty acid profile was examined. Variable amounts of saturated and unsaturated 

fatty acids present in blended biodiesels largely affect the cold flow properties and oxidation 

stability. The optimum biodiesel mix which satisfied both ASTM D6751 and EN 14214 standards 

was 30% (by volume) jatropha biodiesel and 70% (by volume) waste cooking oil biodiesel 

(J30W70) having a pour point (PP) of  5 oC, cloud point (CP) of 10.4 oC, kinematic viscosity (KV) 

of 4.68 cSt and oxidation stability (OS) of 7 hours. All blends containing more than 30% (by 

volume) jatropha biodiesel did not satisfy both the standards of biodiesel. A correlation between 

properties (CP, PP, OS, and KV) and total saturated fatty acid methyl ester (X) was obtained using 

a polynomial curve fitting technique. Calculated and measured values of properties of blends were 

in good agreement. Using these four developed correlations, cloud point, pour point, oxidation 

stability and kinematic viscosity of different biodiesel blends having different fatty acid profiles can 

be determined. These developed equations using statistical analysis would be useful to predict 

biodiesel properties only as the addition of diesel in mixed biodiesel blend would render these 

equations invalid.  
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To establish any liquid as fuel, its combustion, performance, and emission characteristics are 

needed to be assessed to check its suitability and engine modifications needed. Biodiesels produced 

from jatropha and waste cooking oils were blended in different volume ratios from 5 to 25% of 

each and blended with diesel. A total of 5 samples of hybrid biodiesel-diesel blends (J5W5, 

J10W10, J15W15, J20W20, and J25W25) were prepared and their combustion study was carried 

out on a single-cylinder DI diesel engine. The variation in the crank angle at which maximum 

pressure is detected is around 1-2o at all loads. The peak pressure is higher for biodiesel blends at 

lower loads but at higher load, values of peak pressure are almost the same and achieved after TDC 

which warrant the safe and efficient operation of the engine. The ignition of the biodiesel is earlier 

than that of diesel by about 1–3o CA only as higher blends consisted of only 50% biodiesel by 

volume. The value of the maximum rate of pressure rise for all the fuels increases from no load to 

full load operation. The maximum rate of pressure rise for diesel fuel varies from 1.83 bar/deg at 

lower engine load to 6.71 bar/deg at full load whereas, for the J5W5 blend, it varies from 2.56 

bar/deg at the lower engine load to 6.47 bar/deg at full load. The largest advance in the start of 

combustion was observed for J5W5 at lower loads. The net heat release rate at a no-load condition 

in the case of biodiesel is higher and takes place in advance concerning T.D.C. (between 1 and 4 

degrees) compared to diesel fuel. All combustion graphs for diesel and various blends are quite 

close to each other at full load operating conditions. The lowest blend J5W5 can be considered 

optimum for its overall performance from no load to full load condition as compared to diesel. In 

general, the combustion characteristics of hybrid biodiesel fuel blends and neat diesel have shown 

the same trend for normal combustion and can be utilized in the unmodified diesel engine. 

 

The average reduction in brake power for J5W5, J10W10, J15W15, J20W20, and J25W25 was 

2.48, 5.47, 0.81, 3.2, and 2.54% respectively as compared to diesel owing to the lower calorific 

value of the hybrid biodiesel blends. The blend J10W10 gives the highest average BTE (25.25%) 

and the lowest average increase in BSFC (2.84%). Blend J25W25 shows a maximum 14%  average 

increase in NOx emission and blend J15W15 gives a maximum average reduction (18%) in smoke 

opacity emission. The performance of hybrid biodiesel in an unmodified diesel engine is 

comparable to diesel and has the potential to replace diesel fuel. 

2. A brief description of the state of the art of the research topic  
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 Due to the gradual depletion of world petroleum reserves and the impact of environmental 

pollution on increasing exhaust emissions, there is an urgent need for suitable alternative fuels for 

use in diesel engines[1]. There are more than 300 feedstocks including edible and non-edible oils 

for biodiesel production [2–6]. The choice of feedstock for biodiesel production is country-specific 

and depends on availability. The selection of vegetable oil or renewable oil that is used for 

transesterification for producing biodiesel varies from region to region depending on the social, 

environmental economics, and agro-ecological parameters[7].  

In India, various tree-borne oilseeds species like jatropha, neem, karanja, mahua, and kusum can be 

grown easily on degraded lands available in areas with adverse agro-climatic conditions[8]. 

National policy on biofuels, 2018 declared by GOI in June-2018 set a target to reduce the import 

dependency by 10 percent by 2022 by increasing domestic production of bio-fuels from second-

generation indigenous sustainable feedstocks with special emphasis on non-edible oils and waste 

oils and fats for biodiesel production[9]. Important fuel properties of biodiesel are influenced by 

fatty acid profile and structural features like chain length of ester molecules, degree of un-

saturation, and branching of the chain of various fatty esters[10]. Despite having many suitable 

properties as alternatives to mineral diesel fuel, biodiesel offers some disadvantages which include 

high feedstock cost, higher regulated NOx exhaust emissions, inferior storage stability, insufficient 

supply, and low-temperature operability[11]. To solve the problem of poor biodiesel properties, the 

blending of biodiesels over two is a simple, low cost but effective method. The properties of hybrid 

biodiesels produced from a mix of different biodiesels can be roughly estimated using statistical 

analysis based on the relationship between biodiesel properties and the fatty acid compositions[12]. 

Plenty of research work on fuel property improvements by mixing two or more biodiesels has been 

published in scientific indexes[11–18] but very few researches work on combustion, performance, 

and emission analysis of hybrid or mixed biodiesel and diesel blends is published so far. 

 
Biodiesel from Jatropha was mainly initiated by the Indian government, because of its rich oil 

content (~ 66.4%) and it grows in non-agricultural lands[19]. Biodiesel development from non-

edible oil can become a major poverty alleviation program for the rural poor apart from providing 

energy security for the masses. This development can upgrade the rural non-farm sector and help in 

sustainable biodiesel production[20]. Waste cooking oil, which is much less expensive than pure 

vegetable oil, is a promising alternative to vegetable oil for biodiesel production as the quantity of 

waste cooking oil generated per year by India is huge. The use of waste cooking oil for biodiesel 
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production can offer many advantages like a reduced health hazard, no disposal problem, and 

alternative application of the waste[21]. 

 
The analysis of multi-feedstock biodiesel blends is an extremely relevant avenue of biodiesel-diesel 

fuel blends research. Mixing multiple biodiesel feedstocks, either as pure bio-diesel or biodiesel-

diesel blends, could lead to the discovery of more efficient fuels with desirable properties[22]. 

 

Table 1   Feedstock combinations tried for performance and emission study 
 
 
 
 
 
 
 
 
 
 
 
3. Definition of the Problem  
 
In most of the literature, one of the feedstocks for complementary blended biodiesel is sourced from 

edible oils and developing countries like India cannot afford to use edible oil for biodiesel 

production as it imports 70% of its edible oil requirements. None have reported combustion, 

performance, and emission study of non-edible and waste oil-based hybrid biodiesel and diesel mix 

as a sustainable fuel.  

This research aims to examine combustion, performance, and regulated emission characteristics, 

such as NOx, CO, HC, and smoke using hybrid biodiesel produced from jatropha and waste cooking 

oils and diesel blends on single cylinder DI diesel engine to check its suitability as a sustainable 

alternative for the unmodified diesel engine fuel. This research is also extended to check for the fuel 

property enhancement and statistical analysis of variation of properties useful for neat biodiesel 

usage in dedicated engines. 

 

4. Objectives and Scope of work  
 
Specific technical objectives of this study are : 

1. To produce and characterize biodiesels from jatropha and waste cooking oils 

Sr.No Feedstocks blended with diesel Type of oil 

1  Palm and jatropha  Edible & non edible 

2  Mustard and karanja  Non-edible  

3  Coconut and palm  Edible & non edible 

4  Castor and karanja  Non-edible 

5  Palm and karanja  Edible & non edible 
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2. To Carry out statistical analysis to predict important properties of prepared dual biodiesel 

blends concerning FA composition  

3. To perform combustion, performance, and emission study of prepared hybrid biodiesel-

diesel blends on unmodified single cylinder DI diesel engine to check its suitability as a 

liquid fuel.  
5. Original contribution by the thesis 
 
The main contribution of the research work is as given below 

• Extensive and comprehensive literature reviews are undertaken to identify the research gaps 

and research was aimed to produce and utilize hybrid biodiesel from the blending of 

jatropha and waste cooking oil biodiesels. 

• Different blends were prepared using biodiesels in different proportions to enhance the 

kinematic viscosity, cloud point, pour point, and oxidation stability properties, and their 

important properties were measured. Graphs were plotted for property variation with respect 

to saturated fatty acids and using the curve fitting technique, equations were developed to 

predict these properties for any volume ratio of biodiesels.  

• The combustion, performance, and emission characteristics play a vital role in establishing 

any liquid as fuel for diesel engines. A total of six different blends of biodiesels and diesel 

namely diesel, J5W5, J10W10, J15W15, J20W20, and J25W25 were prepared for the 

performance analysis. The combustion characteristics of all biodiesel and diesel blends were 

in proximity to diesel curves. The performance and emission characteristics of lower blends 

up to J15W15 could be considered for the replacement of the diesel. 

 

6. The methodology of Research, Results / Comparisons  
 

6.1 Production and characterization of jatropha and waste cooking oil biodiesels 
 There are two methods of biodiesel production namely acid-catalyzed and alkali catalyzed.  

The transesterification of high FFA oils can be achieved by employing a two-step transesterification 

process. In this technique, the first step is an acid-catalyzed process which involves esterification of 

the FFAs to FAMEs using an acid catalyst followed by a second step, alkali-catalyzed 

transesterification. As jatropha and waste cooking oils have higher FFA contents, biodiesel was 
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produced using a two-step process. Figure 1 shows produced biodiesels from jatropha and waste 

cooking oil.  

 

 (a)  (b)  
Fig. 1 (a) Jatropha biodiesel (b) Waste cooking oil biodiesel 

 
In this study, the effect of blending of jatropha biodiesel in a blending ratio of 10, 20, 30, 40, 50, 

60, 70, 80, 90, and 100 (vol %) with waste cooking biodiesel on important physical and chemical 

properties have been studied and presented. These include kinematic viscosity, cloud point, pour 

point, and oxidation stability. Figure 2 shows prepared 11 samples including neat biodiesels and 

dual biodiesel blends. 

 

 
 

Figure 2 Prepared neat and dual biodiesel blends in different volumetric ratios 
 

6.2 Statistical analysis of fuel property improvement 
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The jatropha biodiesel has superior cold flow properties but inferior oxidation stability as 

compared to waste cooking biodiesel. The effect of the blending of JB with WB on the kinematic 

viscosity, cloud point, pour point, and oxidation stability has been studied concerning variation in 

SFA proportions of the biodiesel. The variation of kinematic viscosity, cloud point, pour point, and 

oxidation stability with SFA has been plotted for six blends with JB volume ratios 0,20,40,60,80 

and 100. The variation data were fitted with polynomial curve fitting and polynomial constants 

were determined. Using these constants, calculated value and measured values were compared to 

check the error in calculations. Curve fitting is the process of constructing a curve or mathematical 

function that has the best fit to a series of data points, possibly subject to constraints.  Table 2 shows 

the physical and chemical properties of jatropha biodiesel, waste cooking biodiesel, and their hybrid 

biodiesel blends 

Table 2 Physical and chemical properties of jatropha, waste cooking biodiesel, and their hybrid 
biodiesel blends 

 

6.2 Statistical analysis of fuel property improvement 
The effect of the blending of JB with WB on the kinematic viscosity, cloud point, pour point, and 

oxidation stability has been studied concerning variation in SFA proportions of the biodiesel. The 

Sr.
No Property 

JBD 
(wt 
%) 

WB
D 

(wt 
%) 

JB10
WB9

0 
JB20W

B80 
JB30W

B70 
JB40W

B60 
JB50
WB5

0 
JB60W

B40 
JB70W

B30 
JB80WB

20 
JB90
WB1

0 

1 
Density @ 

150C 
(g/cm3) 

0.866 0.90
6 0.901 0.896 0.893 0.890 0.885 0.882 0.876 0.872 0.868 

2 

Kinematic 
viscosity 
@ 400C 

(cSt) 

4.16 4.85 4.81 4.75 4.68 4.59 4.51 4.42 4.35 4.26 4.19 

3 Flash 
point (oC) 168 156 157 158 159 160 161 162 164 165 167 

4 Pour point 
(oC) -2 8 7.2 6.3 5.0 3.8 3.1 2.0 1.2 0.5 -1.2 

5 Cloud 
point (oC) 4 13 12.4 11.5 10.4 9.2 8.0 7.0 6.1 5.0 4.3 

6 
Calorific 

value 
(MJ/kg) 

39.87 37.1
4 37.42 37.7 37.96 38.45 38.56 38.82 39.15 39.4 39.68 

7 Cetane 
number 52 56 55 55 54 54 54 53 53 53 52 

8 
Oxidation 
stability at 
1100C (hr) 

3.1 11.5 10.6 9.2 7 5 4 3.5 3 3.3 3 
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variation of kinematic viscosity, cloud point, pour point, and oxidation stability with SFA has been 

plotted for six blends with JB volume ratios 0, 20, 40, 60, 80, and 100 %. The variation data were 

fitted with polynomial curve fitting and polynomial constants were determined. Using these 

constants, calculated value and measured values were compared to check the error in calculations. 

Curve fitting is the process of constructing a curve or mathematical function that has the best fit to a 

series of data points, possibly subject to constraints. 

 Figure 3 to 6 shows the variation of selected properties with saturated fatty acid contents 

present in the biodiesels along with the fitting curve for the variation data. 

  

         Fig. 3 Variation of kinematic viscosity with 
SFA(%) and polynomial fitting curve 

          Fig. 4 Variation of cloud point with  SFA(%) 
and polynomial fitting curve 

 

 

                     Fig. 5 Variation of pour point SFA(%) 
and polynomial fitting curve 

          Fig. 6 Variation of oxidation stability with 
SFA(%) and polynomial fitting curve 

 

A polynomial equation that has a degree of two is called a quadratic equation. The expression for 

the quadratic equation is   

                ��� + �� + � = �                                                                                
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In this case, a ≠ 0; x = % SFA; y= property value and a, b and c are real numbers which can be 

obtained by curve fitting technique. 

Using polynomial constants obtained from the polynomial fitting technique of fuel property data, 

property values for blends with JB volume ratios of 10,30,50,70 and 90 % in WB are calculated and 

presented in Table 3. Measured values and calculated values for these blends were also compared. 

The difference between measured and calculated values was determined and error encountered in 

calculations of property values were within acceptable limits.  

To satisfy both the standards of specifications of Biodiesel ASTM D6751 & EN 14214 for KV and 

OS, biodiesels blend JB30WB70 is best suited. It gives higher values of CP(10.4 0C), KV (4.68 

cSt), and PP(5 0C) with improved OS (7 hrs) considering JB alone. Equations obtained by the 

polynomial fitting curve technique can be utilized to predict the values of the KV, CP, PP, and OS 

having different SFA(%) with reasonable accuracy. This fuel property enhancement analysis would 

be useful if dedicated biodiesel engines are devised as the addition of diesel in biodiesel blends 

would render these equations invalid due to the inherently different chemical structure of diesel.  

Table 3 Comparison of measured and calculated property values 

 Polynomial constants Calculated value Measured value 

Property c b a 
JB10
WB9

0 
JB30
WB70 

JB50W
B50 

JB70W
B30 

JB90WB
10 

JB10WB
90 

JB30
WB70 

JB50
WB50 

JB70
WB30 

JB90
WB10 

Kinematic 
Viscosity at 

400C 
  2.85 0.04 3.39E-

18 4.79 4.65 4.50 4.36 4.21 4.81 4.68 4.51 4.35 4.19 

Pour 
point (0C) -19.3 0.58 -1.3E-

16 7.05 5.08 3.10 1.12 -0.85 7.2 5 3.1 1.2 -1.2 

Cloud 
point (0C 

) 
-5.03 0.12 0.0058

8 
12.1

6 10.06 8.09 6.25 4.54 12.4 10.4 8 6.1 4.3 

Oxidation 
stability 

at 
1100C(hr) 

45.8 -2.69 0.0421
2 9.9 6.8 4.6 3.3 3.0 10.6 7 4.0 3 3 

 
 

6.3 Experimental set-up 
 The experimental setup includes a testbed, a single-cylinder water-cooled diesel engine, an 

eddy current dynamometer, a fuel tank, and an operation panel. The engine selected for the study is 

available at Apex Innovations Engine testing Laboratory in Sangli, Maharashtra. A schematic 

diagram of the test rig is given in fig. 7.  
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Fig. 7 Schematic diagram of the test rig 

A total of six test fuels were prepared for researching including neat diesel. The percentage of 

blending is denoted as 5% by volume jatropha and waste cooking biodiesel each with 90% diesel 

(J5W5), 10% jatropha and waste cooking biodiesels with 80% diesel (J10W10), 15% jatropha, and 

waste cooking biodiesels with 70% diesel (J15W15), 20% jatropha and waste cooking biodiesels 

with 60% diesel (J20W20) and 25% jatropha and waste cooking biodiesels with 50% diesel 

(J25W25). 

 

6.4  Performance analysis of hybrid biodiesel-diesel blends 
 The performance of any new fuel inside the engine can be analyzed by comparing 

combustion, performance, and emission data obtained for the new fuel with existing fuel.  

6.4.1 Combustion analysis 
 For any fuel to be viable alternative fuel, its combustion profile and performance must 

match the existing fuel utilized in the engine. The choice of combustion ‘profile’ involves several 

compromises. High maximum pressure has a favorable effect on fuel consumption, but increases 

NOx emissions, while a reduction in maximum pressure, brought about by retarding the combustion 

process, results in increased particulate emissions. Combustion characteristics such as pressure-

crank angle, rate of cylinder pressure rise, heat release rate, and mass fraction burned were analyzed 

at various engine loads to compare the combustion performance of the engine with diesel fuel. 
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6.4.1.1 In-cylinder pressure vs. crank angle diagram 

  
Fig. 8 Comparison of in-cylinder pressure for all test fuels at (a) no-load, (e) full load 

 

Figure 8 shows the variation of in-cylinder pressure with a crank angle for all test fuels at no-load 

and full load operating conditions. The early pressure rise as compared to diesel is detected for 

lower biodiesel blends at lower engine loads possibly due to a higher boiling range of biodiesel 

which resulted in longer physical ignition delay. The blend J5W5 shows the highest maximum 

pressure of 48.91 bar at no load condition due to combined effects of improvement in combustion 

due to greater molecular oxygen, the lowest viscosity among blends, and higher cetane number. 

With a higher concentration of biodiesel in the test fuel, this improvement in combustion is offset 

by inferior spray atomization and poorer mixing characteristics caused by high fuel viscosity and 

inferior volatility of biodiesel. 

6.4.1.2  Net heat release rate vs. crank angle diagram 

  
Fig.9 Comparison of net heat release rate for all the fuels at (a) no-load, (e) full load 
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 Figure 9 shows the variation of the net heat release rate for all test fuels at no-load and full 

load operating conditions. The maximum heat release rate for J5W5, J10W10, J15W15, J20W20, 

and J25W25 biodiesel blends at full load were 58.32, 53.39, 54.06, 56.51, and 56.07 J/CAD 

respectively. At lower engine loads, the heat release rate for diesel is slightly lower than that for 

biodiesel, but at higher engine loads, the heat release rate for diesel is higher. The crank angle at 

which the maximum heat release rate occurs is in advance for biodiesel due to a higher cetane 

number of biodiesel blends. 

6.4.1.3  Mass fraction burned vs. crank angle diagram 
 SOC timing for diesel and J5W5, J10W10, J15W15, J20W20, and J25W25 biodiesel blends 

at no load were -5.96o, -7.09o, -6.85o, -6.73o, -6.88o, -6.92o (-ve sign indicates before TDC). At all 

engine loads, combustion starts earlier for biodiesel than for diesel. This is owing to a short ignition 

delay and advanced injection timing for biodiesel (because of a higher bulk modulus and higher 

density of biodiesel). For all blends and diesel fuel, the start of combustion is advanced with 

increasing engine load.  

6.4.1.4  Rate of pressure rise vs. crank angle diagram 
 The maximum rate of pressure rise for diesel fuel varies from 1.83 bar/deg at lower engine 

load to 6.71 bar/deg at full load whereas, for the J5W5 blend, it varies from 2.56 to 6.47 bar/deg at 

full load. The maximum rate of pressure rise for lower biodiesel blend J5W5 is higher than mineral 

diesel at lower loads but lower than diesel at full load operation. At low engine loads, the peak 

pressure rise rate for diesel fuel is lower than for biodiesel and its blends.  

6.4.2  Performance characteristics 
 Performance analysis includes measurement and analysis of brake power, brake specific 

fuel consumption, thermal efficiency, and mechanical efficiency. The same graphs for variation of 

BSFC and mechanical efficiency are also plotted. 
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Fig. 10 variation of brake power output with   
load for all test fuels 

Fig. 11 Variation of brake thermal efficiency with 
load for all test fuels 

 

 Variation of brake power output with load for all test fuels is shown in fig. 10. The lower 

brake torque produced by hybrid biodiesel blends was responsible for lower brake power output 

due to the constant speed of the engine. The average reduction in brake power as compared to 

diesel for J5W5, J10W10, J15W15, J20W20, and J25W25 were 2.48, 5.47, 0.81, 3.2, and 2.54 % 

respectively. The blend J15W15 gave the lowest average reduction in BP possibly due to the 

optimum combination of viscosity, energy content, and molecular oxygen. 

 The BTE for all the tested fuels with the engine load is presented in Fig. 11. At full load 

condition, decrease in efficiency for various blends J5W5, J10W10, J15W15, J20W20, and J25W25 

are 1.07%,  1.74%,3.43%,5.72% and 8.64% respectively. Maximum BTE was 25.49% for J10W10 

out of all biodiesel blends which is in line with the lower BSFC of the blend. As BD percentage 

increases beyond 20%,  BTE falls may be due to higher viscosity, lower CV, lower density, poor 

atomization, and lower combustion efficiency. 

6.4.3  Emission analysis 
 Smoke, Carbon monoxide, unburnt hydrocarbon, nitrogen oxide, and carbon dioxide are 

important regulated emission parameters. Emission analysis is conducted at different engine loads 

for all biodiesel blends.  Variation of Smoke and NOx emission with load for all test fuels are given 

in fig. 12 and fig. 13 respectively. The same graphs were prepared for other regulated emissions. 
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Fig.12 variation of smoke opacity emission with 
load for all test fuels 

Fig. 13 variation of Nitrogen oxide emission with 
load for all test fuels 

 

 All tested biodiesel blends produced less smoke than diesel at all loading conditions due to 

the oxygenated structure of biodiesel. Smoke opacity increases from no load to full condition for 

diesel as well as all biodiesel blends. Blends J5W5, J10W10, J15W15, J20W20, and J25W25 shows 

3.8%, 4.8%, 13.2%, 7.1%, and 5.71% reduction in smoke respectively as compared to diesel at full 

load condition. The average reduction in smoke for all biodiesel blends is attributed to an 

improvement in the diffusive combustion phase due to the addition of oxygenated fuel. 

 All hybrid biodiesel blends have higher NOx emissions than diesel at all loading conditions. 

The NOx emission increase from no load to full load condition for diesel as well as all biodiesel 

blends due to an increase in combustion temperature achieved by greater fuel supply with an 

increase in load. Blends J5W5, J10W10, J15W15, J20W20, and J25W25 shows 12%, 6%, 4%, 

12%, and 14 % increase in NOx at full load condition. J15W15 shows a minimum increase may be 

due to lower combustion temperature and weak air-fuel ratio. 

Emission analysis for hydrocarbon (HC), carbon monoxide (CO), and carbon dioxide (CO2) 

was also performed and plotted. All the blends show an average reduction in HC as compared to 

diesel. The average CO reduction for all biodiesel blends were 21 to 26%. The difference in CO 

emission is marginal up to 50% load as compared to diesel. All tested biodiesel blends produced 

higher CO2 than diesel due to the presence of more molecular oxygen. CO2 emissions increases 

from no load to full condition for diesel as well as all biodiesel blends. 
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7. Achievements with respect to objectives  
 

1. As the first objective was pertaining to the production and characterization of biodiesel, a 

biodiesel production set-up was prepared and biodiesel was produced from jatropha and 

waste cooking oils. After production, their samples were analyzed using Gas 

chromatography and mass spectrometry technique for fatty acid compositions.  
2. The second objective was pertaining to statistical analysis of obtained data. Statistical 

analysis is the collection and interpretation of data to uncover patterns and trends. A total of 

11 samples were prepared by blending jatropha biodiesel in waste cooking biodiesel having 

jatropha biodiesel  % age volume in multiple of 10 ranging from 10 to 100. Statistical 

analysis was carried out using a curve fitting technique to develop quadratic and polynomial 

equations to predict properties of blends w.r.t.  saturated FA composition. It showed a very 

good agreement between the predicted and measured value.  

3. The third objective was regarding performance analysis of prepared hybrid biodiesel-diesel 

blends to check its viability as a liquid fuel. First combustion analysis was performed for in-

cylinder pressure, mass fraction burned, heat release rate, and rate of pressure rise as 

parameters. All blends performed in line with diesel fuel with no abnormality. The lowest 

blend J5W5 showed better performance among all blends. The performance and emission 

analysis also showed that these blends have the capability to partially replace diesel fuel as 

an alternative fuel with lower blends up to 30% biodiesels found suitable for diesel engines.  

 

8. Conclusion 

• Equations obtained by the polynomial fitting curve technique can be utilized to predict the 

values of the KV, CP, PP, and OS having different Saturated FA(%) with reasonable 

accuracy. Fuel property improvement analysis would be very useful when dedicated 

biodiesel engines are produced. 

• It is concluded that the J5W5 blend gives higher peak pressure (48.91 bar) at no load than 

diesel (44.15 bar) but at full load, peak pressures are identical to diesel. The variation of 

peak pressure with crank angle curves is identical at full load conditions for all test fuels. 

The variation in the crank angle at which maximum pressure is detected as compared to 

diesel is around 1-3o at all loads. 
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• The ignition delay is shorter for all biodiesel blends as compared to diesel at lower loads but 

at higher load, it is nearer to diesel. The largest advance in the start of combustion (7.090 

bTDC) was observed for J5W5 at a lower load possibly due to the optimum combination of 

a decrease in the viscosity of the blend and increased cetane value of the fuel. 

• The maximum rate of pressure rise for diesel fuel varies from 1.83 bar/deg at lower engine 

load to 6.71 bar/deg at full load whereas, for the J5W5 blend, it varies from 2.56 to 6.47 

bar/deg at full load. Considering the maximum value of peak heat release rate at full load, 

J5W5 gives nearly identical to that of the diesel fuel.  

• The lower blend J5W5 can be considered optimum for its overall combustion performance 

from no load to full load condition.   

• The maximum brake power values obtained for D100, J5W5, J10W10, J15W15, J20W20, 

and J25W25 were 3.32, 3.27, 3.25, 3.33, 3.25, and 3.27kW, respectively at full load. The 

blend J15W15 gave the lowest average reduction in BP possibly due to the optimum 

combination of viscosity, energy content, and molecular oxygen. The average increase in 

BSFC for J5W5, J10W10, J15W15, J20W20, and J25W25 were 3.29, 2.84, 4.9, 5.22, and 7 

% respectively as compared to diesel. As compared to diesel, the average decrease in BTE 

for J5W5, J10W10, J15W15, J20W20, and J25W25 were 2.36, 1.09, 2.18, 1.55, and 2.66 % 

respectively. Maximum BTE was 25.49 % for J10W10 out of all biodiesel blends.  

• In emission analysis, Blend J15W15 shows a maximum 18 % average reduction in smoke as 

compared to diesel. Blend J25W25 shows a maximum 14%  average increase in NOx 

emission. Blends J5W5, J10W10, J15W15, J20W20, and J25W25 show a 23,25,30,22 and 

13% average reduction in HC as compared to diesel. The average CO reduction for 

biodiesel blends were 21 to 26 %. The maximum average CO reduction was 26.55 % for the 

J25W25 blend.  

• Considering the overall performance of all the blends, a hybrid biodiesel-diesel blend can be 

a viable sustainable alternative to diesel fuel in an unmodified diesel engine.  
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9. Publications detail 

Sr.
No 

Title  Name of journal UGC 
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Scopus Status 

1 Performance and Emission 

Study of Sustainable Hybrid of 

Jatropha and Waste Cooking 

Oil Biodiesel-Diesel Blends on 

the CI Engine 

American Institute of 

Physics (AIP) 

proceedings 

Yes Yes Selected 

2 Development of sustainable 

hybrid biodiesel from jatropha 

and waste cooking oils for fuel 

property improvement 

Studies in Indian place 

names 

Yes No Published 

3 Complementary Blended 

Sustainable Hybrid Biodiesel 

for Fuel Property 

Enhancement: A Review 

International Journal 

of  Engineering 

Technology Science 

and Research 

 

Yes No Published 
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