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ABSTRACT 
Alternative and sustainable fuel sources must be investigated due to the increasing 
demand for energy and the depletion of fossil fuel stocks. The utilization of biodiesel-
ethanol blends stabilized with ethyl acetate as diesel replacements in compression 
ignition engines is examined in this study. Stable blends of biodiesel and ethanol (2000 
proof) were made and tested, and karanja oil was used as the biodiesel source. A 3.74 kW 
diesel engine was used to assess many factors, such as fuel characteristics, engine 
performance, and exhaust pollutants. The created blends performed similarly to diesel, 
according to the results, with stable combustion and acceptable emissions profiles. 
Particular results included 3.674–3.684 kW of brake power, 2.003–2.071 l/h of fuel 
consumption, and lower nitric oxide (NO) emissions when compared to pure diesel. 
These findings affirm the potential of biodiesel-ethanol blends as viable alternatives to 
conventional diesel, contributing to energy sustainability and reduced environmental 
impact. 
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1. INTRODUCTION 
The biggest problem is the growing population & depletion of fossil fuel. About 100 years ago, the major source of 

energy shifted from recent solar to fossil fuel. Energy is essential for existence, economic growth and improving quality 
of life of people. Fossil fuels have been used as an important conventional energy source for years since their exploration. 
Energy demand around the world is increasing at a faster pace as a result of increasing trends in industrialization and 
modernization. Most of the developing countries import fossil fuels for satisfying their energy demand. Consequently, 
these countries are forced to spend their export income to buy petroleum products (Hanbey, Hazar, 2010). The 
compression ignition engines are widely used in the transport sector, a standby power unit in industries and in 
agricultural fields mainly because of their long life, reliability and economy. Biodiesel is an alkyl (e.g. methyl, ethyl) ester 
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of fatty acids made from a wide range of vegetable oils, animal fat and used cooking oil via the transesterification process. 
Moreover, biodiesel has been used not only as an alternative for fossil diesel, but also as an additive for diesohol – a 
blending of ethanol with fossil diesel (Fernando, et al; 2004 and Cheenkachorn, et al; 2004). Effective in the country and 
all vehicles must meet the specified emissions limits. Alam (2011) reported that of Biodiesel (fatty acid methyl ester) 
which is derived from triglycerides by transesterification has attracted considerable attention during the past decade as 
a renewable, biodegradable and nontoxic fuel. Several processes for biodiesel fuel production have been developed, 
among which transesterification using alkali as catalyst gives high level of conversion of triglycerides to their 
corresponding methyl ester in a short duration. Lokesh (2011) estimated that by 2011, 20 % of bio-energy needs of India 
should be met by biodiesel. To meet these expectations, it would require 12 to 13 million hectares of biodiesel feed stock 
plantations. Currently biodiesel is produced using non-edible oil from trees like jatropha curcas. This strategy of 
propagating jatropha curcas as primary bio diesel feed stock has certain drawbacks. This paper addresses the 
shortcomings in the present strategy and suggests few alternatives. The investigators reported that with the use of 
vegetable ester as fuel for diesel engines, comparable performance with diesel was achieved (1-6). Most of the oils tried 
in diesel engines included rapeseed. Soybean, Sunflower and vegetable oil. These oils are essentially edible oils in the 
Indian context and use of biodiesel from these oils as a substitute to diesel fuel may be costlier. With the abundance of 
forest and tree borne non edible oils available in India, not much attempts have been made to use ester of these non-
edible oils as a substitute for diesel Karanja (Pongamia Pinnata) is one such forest-based tree borne non edible oil with 
a production potential of 135,000 million ton (Dept. of FMP, OUA&T, Bhubanesswer-751003.diesel and ethanol blending 
has been made mandatory in the country at 10-15% level mainly because of advantages of reduced emission. In view of 
above facts. The study aimed to evaluate stable biodiesel-ethanol blends as diesel substitutes with four main objectives: 
(i) optimize the catalyst quantity for producing biodiesel from Karanja oil, (ii) prepare stable biodiesel-ethanol blends 
using sustainable surfactants, (iii) determine the fuel properties of these blends, and (iv) assess the performance and 
emission characteristics of a 3.74 kW diesel engine using the stable blends. 

 
2. METHODOLOGY 

The experiments were conducted in the Bio-fuel and Farm Power Laboratories of the Department of Agricultural 
Energy & Power of Central Institute of Agricultural Engineering (Bhopal). Experimental details 

 
2.1.  TEST ENGINE 

A Kirloskar make, constant speed, four stroke, single cylinder, direct injection compression ignition engine of 3.74 
kW was used for the study. 

Table 2.1 Engine Specification 
Make Kirloskar 
Model AVI 
Rated Brake power (bhp / kW) 5 / 3.73 
Rated Speed (rpm) 1500 
Number of Cylinder 1 
Bore X Stroke (mm) 80×110 
Displacement volume (cc) 552.920 
Compression Ratio 16.6:1 
Cooling System Water Cooled 
Lubrication System Forced Feed 
Standard Injection Timing 27° BTDC 

 
2.2. FUELS AND SURFACTANT 

The experiments were conducted on preparation of stable substitute of ethanol of different proofs and biodiesel 
using acetate as surfactant. 

Table 2.2 Proof of Ethanol used for preparation of substitute 
Sl. 
No. 

Proof of Ethanol 
(°) 

Water Content 
(% by volume) 

Ethanol 
(% by volume) 
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1. 200° 0 100 
2. 190° 5 95 
3. 180° 10 90 
4. 170° 15 85 

 
2.3. ETHYL ACETATE 

Ethyl acetate (CH3COOC2H5) is an ester which is derived by the replacement of –OH in the carboxyl group of acetic 
acid by the ethoxy group –OC2H5. It is a colorless liquid and has characteristic odors of bad apples. Its boiling point 
temperature and molecular weight and 77° C and 88 respectively 

Table 2.3 Preparation of Ethanol-Ethyl Acetate-Bio Diesel Substitute Fuel 
Sl. 
No. 

Fuel Composition Code Fuel Constituents (%) Biodiesel Replacement (%) 
Ethanol Ethyl    Acetate Biodiesel 

1. 2000-10/0/90 10 0 90 10 
2. 2000-15/5/80 15 5 80 20 
3. 2000-20/10/70 20 10 70 30 

 
2.4. MEASUREMENTS OF BIODIESEL FUELS PROPERTIES 

Fuel properties of Biodiesel and ethanol stable blends in kinematic viscosity, relative density and API gravity, flash 
point and fire point following the standard test producer BIS codes in the Biodiesel Laboratory of Agricultural Energy 
Power Division of Central Institute of Agricultural Engineering, (CIAE) Bhopal, M. P. 

 
Selection of Biodiesel fuels: The stable substitute fuels as shown in Table 2.4 were selected as test fuel (Plate 2.1 and 
2.4). The performance of a biodiesel engine on the selected substitute was compared with biodiesel. The selected fuel is 
labeled as 2000-10/0/90, which consists of 10% ethanol, 0% ethyl acetate, and 90% biodiesel. This fuel formulation is 
designed to provide a blend with a high proportion of biodiesel, making it suitable for engine tests that focus on 
evaluating the performance of biodiesel-rich fuels. The inclusion of 10% ethanol in the mix may offer benefits such as 
improved combustion characteristics and reduced emissions, while maintaining the stability and lubrication properties 
inherent in biodiesel. The 10% biodiesel replacement represents the proportion of conventional fossil fuel that is being 
replaced by this biodiesel-based fuel blend. This configuration is a part of a broader study to evaluate different biodiesel 
replacement levels and their impact on engine performance. 

 
Table 2.4 Fuel Selected for Engine test 

Sl. No. Fuel Types Fuel Constituents (%) Biodiesel Replacement (%) 
Ethanol Ethyl Acetate Biodiesel 

1. 2000-10/0/90 10 0 90 10 

2. 2000-15/5/80 15 5 80 20 

3. 2000-20/10/70 20 10 70 30 
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Figure 2.1 view of Selected Fuel               Figure 2.2 Electronic Fuel Consumption Measuring Unit 
 
Experimental Set-up: The schematic diagram of the experimental set-up is shown in fig 2.3. It consists of the test 

engine coupled to an eddy current dynamometer along with controller. A SAJ-Froude make, EC-15 model dynamometer 
was used to load the engine. 

 
Figure 2.3 Experimental Set-Up 

Experimental procedures: The performance test of the engine was conducted as per IS: 10000 [P: 5]:1980. Initially 
the engine was run-on no-load condition and its speed was adjusted to 1500 ± 10 rpm by adjusting the screw given with 
the fuel pump rack. The corresponding torque to be applied to the engine when delivering rated power (3.73. kW) at 
rated speed of 1500 rpm was calculated using the equation given below: 

 
kW = N×T

9549.305
           01 

 
Engine speed: The engine speed (rpm) as displayed by the electronic controller unit fig. 2.3 of eddy current 

dynamometer was recorded during the course of experiment at different loading conditions of the engine. 
 
Engine break power: The break power developed by the engine was calculated using the following equation. 
BP =   NT

C
            

            02 
Fuel Consumption: The fuel consumption was measured with the help of a SAJ-Froude make, SFV-75 model 

electronic volumetric fuel consumption measuring unit fig. 2.3. It consisted of a fuel tank, graduated glass pipette of 25, 
50 and 75 ml, a solenoid value, photo sensor assembly and timer. The fuel to the consumption of allowed passing through 
the 25 ml pipette the time taken for the. Consumption of 25 ml fuel was noted by means of a timer provided with the 
unit. The break specific fuel consumption was calculated by using the relationship as given below: 

bsfc =  Vcc×ρ×3600
BP×t

                                                                         

          03   
Measurement of Exhaust emission: The emission of oxygen, carbon dioxide and nitrogen dioxide, Nitric oxide 

through exhaust under different fuels were also measured in engine exhaust gases emanating from burning of different 
fuel sample was measured with the help of an Exhaust Gas analyser as shown in fig. 2.4. the sample drown from the 
exhaust pipe of the engine using 3 mm diameter PVC pipe through a pump operating on 230V AC was fed into the 
electrochemical sensor of the analyzer. The measurements were made under different load conditions. 
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Figure 2.4 View of Gas Analyzer 

 
3. RESULTS AND DISCUSIONS 

The final product of biodiesel from Karanja oil is used as an alternative fuel to operate Diesel engine in the CIAE 
Engine Laboratory. The engine has been run using biodiesel and required data are collected to calculate the engine 
performance parameters. Table 3.1 highlights the developed substitute fuels' appropriateness for engine applications by 
displaying the characteristics of ethanol of various proofs, ethyl acetate, and biodiesel derived from Karanja. Karanja oil-
derived biodiesel is relatively dense and viscous, with a high kinematic viscosity (25.7 mm²/s) and relative density 
(0.8888). It exhibits high flash and fire points (164°C and 169.2°C), ensuring safe handling and storage (Meher et al., 
2004; Mohibbe Azam et al., 2005). Ethyl acetate, used as a surfactant to stabilize the substitute fuels, has a slightly higher 
relative density (0.9062) but lower flash and fire points (-0.5°C and 5.0°C), reflecting its higher volatility (Fernando et 
al., 2004). Ethanol of different proofs (2000, 1900, 1800, and 1700) shows a trend where relative density and viscosity 
increase as the purity of ethanol decreases, while API gravity decreases. For instance, 2000-proof ethanol (100% 
ethanol) has the lowest relative density (0.7923) and viscosity (27.6 mm²/s) but also the lowest flash (16.7°C) and fire 
points (21.5°C), making it more volatile compared to lower-purity ethanol (Goering et al., 1988). The substitute fuels, 
formulated with biodiesel, ethanol, and ethyl acetate in various proportions, demonstrate significant improvements in 
fuel properties compared to pure biodiesel. These blends exhibit reduced kinematic viscosity, with the 2000-20/10/70 
blend having a viscosity of just 6.6 mm²/s, significantly lower than biodiesel’s 25.7 mm²/s. The blends' increased API 
gravity suggests a lighter gasoline composition. Although the flash and fire points of the substitute fuels are lower than 
biodiesel, ranging from 22.5°C to 38.0°C and 27.3°C to 43.5°C, respectively, they remain within safe operational limits. 
These properties suggest that the substitute fuels offer enhanced fluidity, improved compatibility with engine systems, 
and stable combustion characteristics, making them a viable alternative to traditional diesel fuels (Jain, 2007; 
Pugazhvadivu, 2009). 
 

Table. 3.1The properties of Karanja oil and ethanol proof and Biodiesel 
Sl. No. Fuel Notation Relative Density Kinematic viscosity at 30ºC API Gravity Flash point (0c) Fire point (0c) 
1. Biodiesel 0.8888 25.7 27.7 164 169.2 
2. Ethyl Acetate 0.9062 24.9 24.6 -0.5 5.0 
Ethanol proof  
3. Ethanol 2000 0.7923 27.6 47.1 16.7 21.5 
4. Ethanol 1900 0.8113 27.9 42.9 18.2 23.8 
5. Ethanol 1800 0.8265 27.9 39.7 20.2 26.3 
6. Ethanol 1700 0.8416 28.2 36.6 20.8 26.7 
Substitute fuel   
7. 2000-10/0/90 0.8820 12.7 28.9 38.0 43.5 
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8. 2000-15/5/80 0.8750 11.0 30.2 25.4 30.8 
9. 2000-20/10/70 0.8740 6.6 30.3 22.5 27.3 

 
The performance and emissions of a 3.74 kW compression ignition engine running on three alternative fuel blends—

2000-10/0/90, 2000-15/5/80, and 2000-20/10/70—under full load circumstances are shown in Table 3.2. All of the 
blends' braking power outputs stayed constant between 3.674 and 3.684 kW, indicating that the alternative fuels can 
maintain the engine's rated power output on par with diesel (Chincholkar et al., 2005). The 2000-15/5/80 blend had the 
lowest fuel consumption (2.002 l/h), followed by 2000-10/0/90 (2.037 l/h) and 2000-20/10/70 (2.071 l/h). This 
suggests that the 2000-15/5/80 mix is the most efficient volumetrically (Jain, 2007). fuel consumption varied little. In a 
similar vein, the 2000-15/5/80 blend demonstrated its better energy conversion capabilities by having the lowest brake-
specific fuel consumption (BSFC), a crucial measure of fuel economy (357 kg/kW-h) (Pugazhvadivu, 2009). The 2000-
15/5/80 and 2000-20/10/70 blends had higher oxygen (O₂) emissions (4.0%) than the 2000-10/0/90 blends (3.1%), 
suggesting that blends with a higher ethyl acetate percentage had more complete combustion. In contrast, the 2000-
10/0/90 blend had the greatest carbon dioxide (CO₂) emissions (5.5%), whereas the 2000-15/5/80 and 2000-20/10/70 
blends had lower emissions (4.0% and 4.1%, respectively), indicating that these mixes had reduced carbon content and 
improved combustion efficiency (Shi et al., 2008). Due to variations in combustion temperatures, the 2000-15/5/80 
blend had somewhat greater nitrogen dioxide (NO₂) emissions (625 ppm) than the other blends. Higher ethyl acetate 
percentage helps moderate combustion temperatures and lower NO generation, as seen by the 2000-10/0/90 blend 
having the greatest nitric oxide (NO) emissions (681 ppm) and the 2000-20/10/70 blend having the lowest (607 ppm) 
(Kim & Choi, 2008). According to the study, the 2000-20/10/70 blend is the most successful at lowering NO and NO₂ 
emissions, while the 2000-15/5/80 blend strikes the optimum balance between fuel economy and emissions. These 
results support the viability of mixes of ethanol, ethyl acetate, and biodiesel as environmentally friendly substitutes for 
diesel that offer equivalent power output. 

 
Table 3.2 Observed Value of Different Parameters at Full Load 

Parameter Substitute Fuel 
2000-10/0/90 2000-15/5/80 2000-20/10/70 

Brake power (kW) 3.674 3.684 3.676 
Fuel consumption (l/h) 2.037 2.002 2.071 
BSFC (kg/kW-h) 365 357 369 
Emission of O2 (%) 3.1 4.0 4.0 
Emission of CO2 (%) 5.5 4.0 4.1 
Emission of NO2 (ppm) 613 625 607 
Emission of NO (ppm) 681 625 607 

 
4. SUMMARY AND CONCLUSION 

the study examines the performance, stability, and emission properties of biodiesel-ethanol blends with the goal of 
creating environmentally friendly substitutes for diesel in compression ignition (CI) engines. The following replacement 
fuels were prepared using 2000-proof ethanol and tested for phase separation and homogeneity at room temperature 
and at higher temperatures (35°C and 45°C): 2000-10/0/90, 2000-15/5/80, and 2000-20/10/70. These mixes showed 
their fitness for practical usage by being stable and homogeneous under all testing conditions. A 3.74 kW (5 bhp) single-
cylinder diesel engine was put through performance tests under various braking load scenarios at its rated speed of 1500 
rpm. The effectiveness of the alternative fuels in sustaining engine output was confirmed by the results, which indicated 
that they delivered braking power (3.674–3.684 kW) that was comparable to conventional diesel at full load. Diesel 
consumption (2.037 l/h) was closely matched by the blends' slightly different fuel consumption, which ranged from 
2.003 to 2.071 l/h at full load. Diesel had the lowest brake-specific fuel consumption (BSFC) when compared to the 
alternatives. BSFC dropped as load increased and peaked at 20% load for all tested fuels. Significant environmental 
benefits of the alternative fuels were revealed via emission analysis. When compared to diesel, the biodiesel-ethanol 
mixes continuously had lower emissions of nitrogen dioxide (NO2) and nitric oxide (NO), suggesting that they 
contributed fewer greenhouse gases. On the other hand, oxygen (O2) emissions rose as loads decreased, and at partial 
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loads, replacements outperformed diesel. Higher loads were shown to reduce carbon dioxide (CO2) emissions for all 
fuels, with alternatives showing a reduction trend similar to diesel. These findings emphasize the potential of biodiesel-
ethanol blends as a renewable and cleaner alternative to diesel. This research provides valuable insights into the 
formulation and use of stable biodiesel-ethanol blends, supporting their application in energy sustainability and 
environmental conservation, especially in regions dependent on non-edible oil sources like Karanja for biodiesel 
production. The use of ethyl acetate as a surfactant further enhances fuel stability, making these blends a promising 
substitute for traditional diesel fuels. 

 
 
  

CONFLICT OF INTERESTS  
None.   
 

ACKNOWLEDGMENTS 
Authors acknowledge Sir Chhotu Ram Institute of Engineering Technology (Chaudhary Charan Singh University) 

Uttar Pradesh for providing necessary resources to conduct experimental work. We are also thankful to ICAR- Central 
Institute of Agricultural Engineering, Bhopal for facilitating us in execution of project related activities. 

 
REFERENCES 
Alam, Rukhsar. 2011. Studies on the properties of Karanja Soil for probable industrial application. Unpublished MSc 

thesis. NIT Rourkela. 
Almsyah, Rizal; H. Armansyah; Y. Tambunan; Purwanto, Aris; adankusdiana. 2010. Comparison of Static-Mixer and Blade 

agitator Reactor in Biodesel Production”. Agricultural Engineering International: the CIGR Ejournal. Manuscript 
1566, Volume XII, March, 2010. 

Beyerlein, Steven; Steciak, Judi; Mcllroy, David; Blackketter, Donald; Clarrke, Eric; Cordon, Dan; Morton, Andrew. 2001. 
Catalytically assisted combustion of aquanol in demonstration vehicles. National Institute for Advanced 
Transportation Technology, University of Idaho. 

Bhattacharya, T. K.; Singh, Bachchan; Mishra, T.N. 1988. A compression ignition engine on biogas-diesel fuel. Agricultural 
Mechanization in Asia, Africa and Latin America (AMA), 19(3): 32-36. 

Chandra, R.; Bhattacharya, T.K.; Mishra, T.N. 2003.Studies on the use of ethanol acetate surfactant for diesel –alcohol 
micro emulsions as C.I Engine. Unpublished M.Tech thesis. Department of Farm Machinery and Power 
Engineering, GBPUA&T, Pantnagar. 

Chincholkar, S. P.; Srivastava, Saurabh; Rehman, A; Dixit, Savitas; Lanjewar, Atul. 2005. Biodiesel as an Alternative Fuel 
for Pollution Control in Diesel Engine, Asian J. Exp. Sci., Vol. 19, No. 2, 2005, 13-22 

Eckund, E. 1984. Alcohols in diesel engines: A review SAE Paper no.840119. Society of automotive engineers. 28 (1): 70-
74. 

Fernado, S.; M. Hanna, Cheenkachorn. 2004. Development of a Novel Biofuels Blend Using Ethanol –Biodiesel- Diesel 
Microemulsions: EB –Diesel. Energy & Fuel 2004, 18, 1695-1703. 

Ganslves, Joseph. B. 2006. United National Conference on Trade and Development, an Assessment of The Bio fuels 
Industry in India. Email: google.com. 

Goering, C. E.; Schrader, G. W. 1988. Effects of ethanol proof on engine performance. Transactions of the ASAE. 31(4): 
1059-1062. 

Goering, C. W.; Schwab, A. W.; Campion, R. M.; Pryde, E. H. 1983. Soyoil-Ethanol Microemulsion at Diesel fuel. Transaction 
of the ASAE. 26(06): 1602-1604. 

Graboshi, M. S.; Mccormick, R. L.; Allemon, T. L.; Herring, A. M. 2003. Colorado Institute for fuels and Engine Research 
Colorado School of Mines Golden. Colorado 8040/-3393, NREL is a U.S Department of Energy Laboratory 
operated by Midwest Research. 

Hansen, A. C.; Taylor, A. B.; Lyne, P. W. L.; Miering, P. 1989. Heat release in the compression ignition combustion of 
ethanol. Transactions of the ASAE. 32(5): 1507-1511. 

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117


Gajendra Singh, John Robins Bentham, Kapil Kumar, Priyanka Singh, Kshitij Kumar, Mohd. Murtaja and Vijai Kumar 
 

ShodhKosh: Journal of Visual and Performing Arts 1159 
 

Jain, S. C. 2007. Comparision of PTO Performance of tractor fueled with high-speed diesel, biodiesel of karanja, soybean 
and mahua and their blends with high-speed diesel engine. Technical Session IV-CIAE, Bhopal. 

Janious, R. 1988. Alcohol as tractor fuel – is there any future. Agricultural Mechanization in Asia, Africa and Latin America: 
19(04): 75-77. 

Jimenez, Torres.; Eloisa, Jerman, A.k.; Svolj, Marta.; Gergorc, Andreja, Lisec, Lrenca.; Dorado, Pilar, M.; Breda, Kegl. 2010. 
Physical and Chemical Properties of Ethanol –Biodiesel Blends for Diesel Engines. Energy Fuels, 2010, 24 (3), pp 
2002-2009. 

Karhale, S. S; Das, D. K; Dash, S. K. 2010. Dept. of FMP, OUA&T, Bhubanesswer-751003.National Seminar on Engineering 
Agriculture for Evergreen Revolution September 24-25-2010. Email. google.com 

Kim, Hwanam; Choi, Byungchul. 2008. Effect of ethanol- diesel blend fuels on emissions and particle size distribuction in 
a comman- rail direct injection diesel engine with warm –up catalyst converter, Renewable Energy, 33, pp. 2222-
28. 

Kirik, M. 1981. Alcohol as a motor fuel. Factsheet, Ministry of Agriculture and Food Ontario, Canada. No. 81-043. 
Koley, S., Bhatt, Y. C., Singh, G., Joshi, S., & Jain, H. K. (2017). Development of electronic metering mechanism for precision 

planting of seeds. Int. J. Curr. Microbiol. Appl. Sci, 6, 3481-3487. 
Kumar, Ritesh; Kumar, G. Ravi; Chandrashekar, N. 2011. Institute of Wood Science and Technology, 18th Cross 

Malleswaram, Bangalore 560003, India.  Received 16 December 2010 Received in revised form 3 March 2011. 
Kwancharcon, Prommes; luengnaruemitchal, Apance; Jai-in, Samai. 2006. Solubility of a diesel –biodiesel –ethanol blend, 

its fuel properties, and its emission characteristics from diesel engine. Email. Google.com. 
Lapuerta M, Garc- a- Contreras; Agudel, J. M. 2010. Lubricities of ethanol –biodiesel- diesel fuel blend. Energy Fuels, 24 

(2): 1374-1379. 
Lokesh, A. C.; Mahesh, N. S. 2011. Strategies for the Sustainability of Bio Diesel Production from Feed Stock in India: A 

Review”. Agricultural Engineering International: the CIGR Ejournal. Manuscript 1312. Vol. XI. October, Year. 
MacDonald Lettens. 2004. Biomass research and development in tentative. In biomass research and development 

technical advisory committee recommendations to the secretaries of energy and agricultural newsletter, march 
2002.  

Meher, L. C.; Sagar, D. Vidya; Naik, S. N. 2004. Technical aspects of biodiesel production by transesterification—a review, 
Renewable and Sustainable Energy Reviews xx (xxxx) 1-21 

Mohibbe Azam, M.; Waris, Amtul; Nahar, N. M. 2005. Prospects and potential of fatty acid methyl esters of some non-
traditional seed oils for use as biodiesel in India. Biomass and Bioenergy 29 (2005) 293–302 

Mustafa, Canakci; Ozsezen, Sayin; Necati, Ahmet; Ali, Turkcan. 2009. Effect of injection pressure on the combustion, 
performance, and emissions characteristics of a diesel engine fueled with methanol- blended diesel fuel Energy, 
2009, 23 (6), pp 2908-2920. 

Nagarhalli, M. V.; Nandedkar, V. M.; Mohite, K. C. 2007. Emission and performance characteristics of karanja biodiesel 
and its blends in a c.i. engine and its economics. ARPN Journal of Engineering and Applied Sciences, ISSN 1819-
6608. 

Parawira. Wilson 2010. Biodiesel production from Jatropha curcas: A review, Available online at 
http://www.academicjournals.org/SRE ISSN 1992-2248 ©2010 Academic Journals 

Peterson, C. L.; Casada, M. E.; Safly, L. M. Jr.; Broder, J. D. 1995. Potential production of agricultural produced fuels. 
Transactions of the ASAE. 11(06): 767-771. 

Pugazhvadivu, M. 2009.Studies on the effect of ethanol to biodiesel: performance and emission of a diesel engine. Indian 
journal of science and technology. IISN:0974-6846. 

Rodjanakid, Kanok-on; Charoenphonphanich, Chinda. 2005. Performance of an Engine Using Biodiesel from Refined 
Palm Oil Stearin and Biodiesel from Crude Coconut Oil. The Joint International Conference on “Sustainable Energy 
and Environment (SEE)” 1-3 December 2004, Hua Hin, Thailand. 

Shekhar, S., D. R. Mailapalli, and N. S. Raghuwanshi. 2023b. Simulation and optimization of ponding water and nutrient 
management in rice irrigated with alternate wetting and drying practice under a humid subtropical region in 
India. Paddy and Water Environment, 1-19. 

Shekhar, S., D. R. Mailapalli, B. S. Das, A. Mishra, and N. S. Raghuwanshi. 2021a. Hydrus-1D for Simulating potassium 
transport in flooded paddy soils. Communications in Soil Science and Plant Analysis 52 (22):1–18.  

Shekhar, S., R. Tamilarasan, D. R. Mailapalli, and N. S. Raghuwanshi. 2021c. Estimation of evapotranspiration for paddy 
under alternate wetting and drying irrigation practice. Irrigation and Drainage 70 (2):195–206. 

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117


Optimization of Biodiesel-Ethanol Blends for Improved Engine Performance and Reduced Emissions in Compression Ignition Engines 
 

ShodhKosh: Journal of Visual and Performing Arts 1160 
 

Shi, X; Yu, Y; He, H; Shuai, S; Dong, H; Li, R. 2008. Combination of biodiesel –ethanol-diesel fuel blend and SCR catalyst 
assembly to reduce emissions from a heavy-duty diesel engine, J. Environ. Sc. (China): 20(2): 177-82. 

Shopshire, G. I.; Bashford, L. L.; 1984.  A comparison of Ethanol Fumigation System for a Diesel Engine. Agricultural 
Engineering. 65(5): 17-23. 

Singh, G., Kushwaha, H. L., Moses, S. C., & Pandey, K. C. (2016). Study on use of biodiesel ethanol blend as a substitute in 
diesel engine. Indian Journal of Agricultural Sciences, 86(2), 00-00. 

Singh, G., Kushwaha, H. L., Pandey, K. C., & Moses, S. C. (2018). Performance Evaluation of Commercial Diesel Engine 
Using Biodiesel. Agricultural Engineering Today, 42(4), 57-64. 

Singh, G., Moses, S. C., & Dahate, H. (2015). Study of low land rice weeder and development of fing cutting attachments. 
International Journal of Agricultural Science and Research, 5(4), 315-322. 

Singh, G., Moses, S. C., Pandey, K. C., & Kushwaha, H. L. (2015). Bio Diesel from Karanja oil as an Alternative Fuel for Diesel 
Engine. International Journal of Research, 1(2), 1-6. 

Singh, G., Shrivastava, P., & Tewari, V. K. (2022). Measurement of back pressure and fuel consumption in different exhaust 
mufflers of agriculture tractor for achieving low sound pressure level. RASSA Journal of Science for Society, 
4(2and3), 109-117. 

Singh, G., Tewari, V. K., Ambuj, & Choudhary, V. Biomechanical analysis of real‐time vibration exposure during mini 
combine harvester operation: A hybrid ANN–GA approach. Journal of Field Robotics. 

Singh, Onkar. 2005. Necessity and potential for bio diesel use in India. National Bio-Diesel Board at 
http://www.biodiesel.org. 

Stalin, N.; Prabhu, H. J. 2007. Performance test of ic engine using karanja biodiesel blending with diesel. ARPN Journal of 
Engineering and Applied Sciences. ISSN 1819-6608. 

Tesfa, B.; Mishra, R.; Gu, F.; Ball, A. D. 2011. Combustion Characteristics of CI Engine Running with Biodiesel Blends. 
International Conference on Renewable Energies and Power Quality (ICREPQ’11). 

Weerachanchai, P; Tangs, C. Athitkulchi; Tangsthitkulchai, M. 2009. Phase behaviors and fuel properties of bio-oil-diesel-
alcohol blends. World Academy Science Engineering and Technology. 50-2009. 

       
 
 
 
 
 
 

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.3117

	Optimization Of Biodiesel-Ethanol Blends For Improved Engine Performance And Reduced Emissions In Compression Ignition Engines
	Gajendra Singh 1, John Robins Bentham 2 , Kapil Kumar 2 , Priyanka Singh 3, Kshitij Kumar 2, Mohd. Murtaja 4, Vijai Kumar 2
	1 Department of AGFE, IIT Kharagpur, West Bengal
	2 Assistant Professor, Department of Agricultural Engineering. SCRIET, CCS University Meerut
	3 Assistant Professor, Department of Electronics and Communication Engineering. SCRIET, CCS University Meerut
	4 Assistant Professor, Department of Electronics and Instrumentation Engineering. SCRIET, CCS University Meerut


	1. INTRODUCTION
	2. METHODOLOGY
	2.1.  Test Engine
	2.2. Fuels and Surfactant
	2.3. Ethyl Acetate
	2.4. Measurements of Biodiesel Fuels Properties

	3. RESULTS AND DISCUSIONS
	4. SUMMARY AND CONCLUSION
	CONFLICT OF INTERESTS
	ACKNOWLEDGMENTS
	REFERENCES
	Alam, Rukhsar. 2011. Studies on the properties of Karanja Soil for probable industrial application. Unpublished MSc thesis. NIT Rourkela.
	Almsyah, Rizal; H. Armansyah; Y. Tambunan; Purwanto, Aris; adankusdiana. 2010. Comparison of Static-Mixer and Blade agitator Reactor in Biodesel Production”. Agricultural Engineering International: the CIGR Ejournal. Manuscript 1566, Volume XII, March...
	Beyerlein, Steven; Steciak, Judi; Mcllroy, David; Blackketter, Donald; Clarrke, Eric; Cordon, Dan; Morton, Andrew. 2001. Catalytically assisted combustion of aquanol in demonstration vehicles. National Institute for Advanced Transportation Technology,...
	Bhattacharya, T. K.; Singh, Bachchan; Mishra, T.N. 1988. A compression ignition engine on biogas-diesel fuel. Agricultural Mechanization in Asia, Africa and Latin America (AMA), 19(3): 32-36.
	Chandra, R.; Bhattacharya, T.K.; Mishra, T.N. 2003.Studies on the use of ethanol acetate surfactant for diesel –alcohol micro emulsions as C.I Engine. Unpublished M.Tech thesis. Department of Farm Machinery and Power Engineering, GBPUA&T, Pantnagar.
	Chincholkar, S. P.; Srivastava, Saurabh; Rehman, A; Dixit, Savitas; Lanjewar, Atul. 2005. Biodiesel as an Alternative Fuel for Pollution Control in Diesel Engine, Asian J. Exp. Sci., Vol. 19, No. 2, 2005, 13-22
	Eckund, E. 1984. Alcohols in diesel engines: A review SAE Paper no.840119. Society of automotive engineers. 28 (1): 70-74.
	Fernado, S.; M. Hanna, Cheenkachorn. 2004. Development of a Novel Biofuels Blend Using Ethanol –Biodiesel- Diesel Microemulsions: EB –Diesel. Energy & Fuel 2004, 18, 1695-1703.
	Ganslves, Joseph. B. 2006. United National Conference on Trade and Development, an Assessment of The Bio fuels Industry in India. Email: google.com.
	Goering, C. E.; Schrader, G. W. 1988. Effects of ethanol proof on engine performance. Transactions of the ASAE. 31(4): 1059-1062.
	Goering, C. W.; Schwab, A. W.; Campion, R. M.; Pryde, E. H. 1983. Soyoil-Ethanol Microemulsion at Diesel fuel. Transaction of the ASAE. 26(06): 1602-1604.
	Graboshi, M. S.; Mccormick, R. L.; Allemon, T. L.; Herring, A. M. 2003. Colorado Institute for fuels and Engine Research Colorado School of Mines Golden. Colorado 8040/-3393, NREL is a U.S Department of Energy Laboratory operated by Midwest Research.
	Hansen, A. C.; Taylor, A. B.; Lyne, P. W. L.; Miering, P. 1989. Heat release in the compression ignition combustion of ethanol. Transactions of the ASAE. 32(5): 1507-1511.
	Jain, S. C. 2007. Comparision of PTO Performance of tractor fueled with high-speed diesel, biodiesel of karanja, soybean and mahua and their blends with high-speed diesel engine. Technical Session IV-CIAE, Bhopal.
	Janious, R. 1988. Alcohol as tractor fuel – is there any future. Agricultural Mechanization in Asia, Africa and Latin America: 19(04): 75-77.
	Jimenez, Torres.; Eloisa, Jerman, A.k.; Svolj, Marta.; Gergorc, Andreja, Lisec, Lrenca.; Dorado, Pilar, M.; Breda, Kegl. 2010. Physical and Chemical Properties of Ethanol –Biodiesel Blends for Diesel Engines. Energy Fuels, 2010, 24 (3), pp 2002-2009.
	Karhale, S. S; Das, D. K; Dash, S. K. 2010. Dept. of FMP, OUA&T, Bhubanesswer-751003.National Seminar on Engineering Agriculture for Evergreen Revolution September 24-25-2010. Email. google.com
	Kim, Hwanam; Choi, Byungchul. 2008. Effect of ethanol- diesel blend fuels on emissions and particle size distribuction in a comman- rail direct injection diesel engine with warm –up catalyst converter, Renewable Energy, 33, pp. 2222-28.
	Kirik, M. 1981. Alcohol as a motor fuel. Factsheet, Ministry of Agriculture and Food Ontario, Canada. No. 81-043.
	Koley, S., Bhatt, Y. C., Singh, G., Joshi, S., & Jain, H. K. (2017). Development of electronic metering mechanism for precision planting of seeds. Int. J. Curr. Microbiol. Appl. Sci, 6, 3481-3487.
	Kumar, Ritesh; Kumar, G. Ravi; Chandrashekar, N. 2011. Institute of Wood Science and Technology, 18th Cross Malleswaram, Bangalore 560003, India.  Received 16 December 2010 Received in revised form 3 March 2011.
	Kwancharcon, Prommes; luengnaruemitchal, Apance; Jai-in, Samai. 2006. Solubility of a diesel –biodiesel –ethanol blend, its fuel properties, and its emission characteristics from diesel engine. Email. Google.com.
	Lapuerta M, Garc- a- Contreras; Agudel, J. M. 2010. Lubricities of ethanol –biodiesel- diesel fuel blend. Energy Fuels, 24 (2): 1374-1379.
	Lokesh, A. C.; Mahesh, N. S. 2011. Strategies for the Sustainability of Bio Diesel Production from Feed Stock in India: A Review”. Agricultural Engineering International: the CIGR Ejournal. Manuscript 1312. Vol. XI. October, Year.
	MacDonald Lettens. 2004. Biomass research and development in tentative. In biomass research and development technical advisory committee recommendations to the secretaries of energy and agricultural newsletter, march 2002.
	Meher, L. C.; Sagar, D. Vidya; Naik, S. N. 2004. Technical aspects of biodiesel production by transesterification—a review, Renewable and Sustainable Energy Reviews xx (xxxx) 1-21
	Mohibbe Azam, M.; Waris, Amtul; Nahar, N. M. 2005. Prospects and potential of fatty acid methyl esters of some non-traditional seed oils for use as biodiesel in India. Biomass and Bioenergy 29 (2005) 293–302
	Mustafa, Canakci; Ozsezen, Sayin; Necati, Ahmet; Ali, Turkcan. 2009. Effect of injection pressure on the combustion, performance, and emissions characteristics of a diesel engine fueled with methanol- blended diesel fuel Energy, 2009, 23 (6), pp 2908-...
	Nagarhalli, M. V.; Nandedkar, V. M.; Mohite, K. C. 2007. Emission and performance characteristics of karanja biodiesel and its blends in a c.i. engine and its economics. ARPN Journal of Engineering and Applied Sciences, ISSN 1819-6608.
	Parawira. Wilson 2010. Biodiesel production from Jatropha curcas: A review, Available online at http://www.academicjournals.org/SRE ISSN 1992-2248 ©2010 Academic Journals
	Peterson, C. L.; Casada, M. E.; Safly, L. M. Jr.; Broder, J. D. 1995. Potential production of agricultural produced fuels. Transactions of the ASAE. 11(06): 767-771.
	Pugazhvadivu, M. 2009.Studies on the effect of ethanol to biodiesel: performance and emission of a diesel engine. Indian journal of science and technology. IISN:0974-6846.
	Rodjanakid, Kanok-on; Charoenphonphanich, Chinda. 2005. Performance of an Engine Using Biodiesel from Refined Palm Oil Stearin and Biodiesel from Crude Coconut Oil. The Joint International Conference on “Sustainable Energy and Environment (SEE)” 1-3 D...
	Shekhar, S., D. R. Mailapalli, and N. S. Raghuwanshi. 2023b. Simulation and optimization of ponding water and nutrient management in rice irrigated with alternate wetting and drying practice under a humid subtropical region in India. Paddy and Water E...
	Shekhar, S., D. R. Mailapalli, B. S. Das, A. Mishra, and N. S. Raghuwanshi. 2021a. Hydrus-1D for Simulating potassium transport in flooded paddy soils. Communications in Soil Science and Plant Analysis 52 (22):1–18.
	Shekhar, S., R. Tamilarasan, D. R. Mailapalli, and N. S. Raghuwanshi. 2021c. Estimation of evapotranspiration for paddy under alternate wetting and drying irrigation practice. Irrigation and Drainage 70 (2):195–206.
	Shi, X; Yu, Y; He, H; Shuai, S; Dong, H; Li, R. 2008. Combination of biodiesel –ethanol-diesel fuel blend and SCR catalyst assembly to reduce emissions from a heavy-duty diesel engine, J. Environ. Sc. (China): 20(2): 177-82.
	Shopshire, G. I.; Bashford, L. L.; 1984.  A comparison of Ethanol Fumigation System for a Diesel Engine. Agricultural Engineering. 65(5): 17-23.
	Singh, G., Kushwaha, H. L., Moses, S. C., & Pandey, K. C. (2016). Study on use of biodiesel ethanol blend as a substitute in diesel engine. Indian Journal of Agricultural Sciences, 86(2), 00-00.
	Singh, G., Kushwaha, H. L., Pandey, K. C., & Moses, S. C. (2018). Performance Evaluation of Commercial Diesel Engine Using Biodiesel. Agricultural Engineering Today, 42(4), 57-64.
	Singh, G., Moses, S. C., & Dahate, H. (2015). Study of low land rice weeder and development of fing cutting attachments. International Journal of Agricultural Science and Research, 5(4), 315-322.
	Singh, G., Moses, S. C., Pandey, K. C., & Kushwaha, H. L. (2015). Bio Diesel from Karanja oil as an Alternative Fuel for Diesel Engine. International Journal of Research, 1(2), 1-6.
	Singh, G., Shrivastava, P., & Tewari, V. K. (2022). Measurement of back pressure and fuel consumption in different exhaust mufflers of agriculture tractor for achieving low sound pressure level. RASSA Journal of Science for Society, 4(2and3), 109-117.
	Singh, G., Tewari, V. K., Ambuj, & Choudhary, V. Biomechanical analysis of real‐time vibration exposure during mini combine harvester operation: A hybrid ANN–GA approach. Journal of Field Robotics.
	Singh, Onkar. 2005. Necessity and potential for bio diesel use in India. National Bio-Diesel Board at http://www.biodiesel.org.
	Stalin, N.; Prabhu, H. J. 2007. Performance test of ic engine using karanja biodiesel blending with diesel. ARPN Journal of Engineering and Applied Sciences. ISSN 1819-6608.
	Tesfa, B.; Mishra, R.; Gu, F.; Ball, A. D. 2011. Combustion Characteristics of CI Engine Running with Biodiesel Blends. International Conference on Renewable Energies and Power Quality (ICREPQ’11).
	Weerachanchai, P; Tangs, C. Athitkulchi; Tangsthitkulchai, M. 2009. Phase behaviors and fuel properties of bio-oil-diesel-alcohol blends. World Academy Science Engineering and Technology. 50-2009.


