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Abstract- The performance, combustion, and emission characteristics of a single-cylinder compression ignition (CI) engine 

fueled by biodiesels derived from waste cooking oil biodiesel (WOB) and diesel fuel (BF) were compared in this study. At 

constant engine speed (1500 rpm) and with five engine compression ratios (14.5-18.5) and 100% loads, performance and 

combustion studies were conducted. WOB blends exhibited slightly higher specific fuel consumption (SFC) and slightly lower 

oxides of nitrogen (NOx) emissions than BDF blends. Brake thermal efficiency (BTE) and ignition delay (ID) were lower 

when comparing WOB and BDF, whereas carbon dioxide (CO2) emissions were higher. At CR15.5 under maximal load, the 

cylinder pressure of WOB20 was marginally greater than that of BF 

Keywords Waste energy recover from waste; Presentation, Ignition; Discharges 

1. Introduction 

Finding new sources of useable energy and making the 

globe a healthier, more environmentally friendly place to 

live will continue to pique the curiosity of researchers. 

Because of the rapid depletion of the planet's fuel supplies, 

people in every region of the globe are already well aware of 

the fact that they need to devise new strategies in order to 

fulfil their ever-increasing need for energy. In addition to 

this, there is a need to find a solution to the issue of 

dangerous pollution caused by fossil fuels. In the recent past, 

biodiesel that is produced from a variety of environmentally 

friendly sources has emerged as a viable contender for the 

function of fuel in compression ignition engines (CI 

engines). The monoalkyl esters of long-chain fatty acids that 

are the building blocks of biodiesel are referred to 

collectively as "alternative" esters. Alternative is derived 

from vegetable oils and is afterwards introduced into CI 

engines that have not undergone any kind of modification. 

The production of biodiesel is accomplished by a chemical 

process known as transesterification S. Kathirvel, V. 

Sharma, D. Balasubramanian et al [1] [2] [3]. 

The different amounts of methyl esters in alternatives made 

from different bases has a big effect on the physical and 

chemical properties of the alternatives and, by extension, the 

properties of the engine being used. S. Kumar, P. Chaurasiya 

et al. [4]-[5]. Most people think that WOB is one of the most 

important alternative resources when it comes to the 

pyrolysis process, which is used to make liquid biofuels. 

This happens because WOB is easy to get and doesn't cost 

much in these countries A. Ben et al [6]. C. Patel et al [7] 

compared Jatropha biofuel, Karanja oil biofuel, and waste 

cooking oil biofuel (WOB) with diesel fuel on a vertical 

single cylinder, four-stroke engine with varying loads. They 

discovered that the heat release rate of WOB was greater 

than that of diesel fuel, whereas Karanja and Jatropha 
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biodiesels had marginally lower. Compared to diesel, 

biodiesel emissions of hydrocarbons and nitrogen oxides 

were lower, whereas carbon monoxide emissions were 

higher. J. Mattson et al. [8] examined the effects of biodiesel 

(WCO) blend was utilised in a DI transport engine. They 

discovered that ignition delay, CO emissions, and HC 

emissions were all slightly reduced compared to diesel. M. 

Akcay et al. [9] used a 1.461-liter, four-stroke, water-cooled, 

turbocharged engine and put different loads on it at a steady 

1,750 rpm. Compared to natural diesel, hydrogen lowered 

HC and raised nitrogen fumes and cylinder pressures. H. 

Hazar, et al., [10] examined the characteristics of emulsion 

fuel and its effect on a diesel engine at various levels of fuel 

(20 to 50%). The results indicate that the addition of 20% 

biofuel to a blend marginally increases the temperature of 

exhaust gas, whereas CO and HC emissions decrease with 

increasing WOB content.  

Y.Teoh et el., [11] examined the characteristics of WOB 

fuel and its effect on a diesel engine at various loads (1.3-5.3 

bar). The results indicate that the addition of WOB biofuel 

to a blend marginally increases CO and HC emissions, 

whereas BTE decrease with increasing WOB X. Xia, G 

Abbas et al [12] [13] characteristics of Karanja and Linseed 

oil biodiesel as diesel engine fuel at varying brake power 

(0.5-3.5 kW). Adding Karanja and Linseed oil biofuel 

blends marginally increases BSFC, exhaust gas temperature, 

and mechanical efficiency, while BTE and particulate 

emissions decrease with increasing Karanja and Linseed oil 

biofuel content in the blends.  

There are few studies in the scientific literature that 

cover engine performance, combustion, emissions, and 

biofuel production from waste oils. In this context, 

comparative engine performance, combustion, emission 

characterisation, and analysis of the discharge from a single-

cylinder diesel engine fuelled by WOB and BDF at constant 

engine speed of 1,500 rpm and varying engine CR14.5-18.5 

were investigated experimentally. 

Fig.1. Blending procedure 

2. Waste Oil Energy and Experiment Setup 

2.1. Waste Oil Energy 

Adding biodiesel to diesel fuel at volumes of 0%, 20%, 

and 100% yields the same results as adding biodiesel to 

diesel fuel at volumes of 100%, 80%, and 0%. During the 

phases of the experiment in which the test engine used a 

blend of base fuel (diesel) and WOB fuels, WOB was added 

to BF, and the resulting fuels were designated as 

BF100WOB0, BF80WOB20, and BF0COB100. It was 

injected into the engine cylinder using a device for fuel 

injection. The characteristics of the WOB correspond to the 

EN 590 parameters, as determined by examining Table 1. 

The BF, WOB, and blend fuel used in the study were 

subjected to a series of physical-chemical experiments to 

ascertain their properties. The results of these tests are 

depicted in Figure 1 and fuel sample in Fig.2. 

2.2. Experimental Test Rig 

The test setup is shown in Figure 2 which is a drawing. The 

engine technical specifications are shown in Table 2. The 

engine was subjected to load using a dynamometer. Fuel use 

was monitored using a fuel metre. By installing an air box 

on the motor, we were also able to evaluate the airflow rate. 
The temperature of the exhaust gas was tracked using a 

digital temperature display and a thermocouple. To measure 

and record cylinder pressure, a pressure transducer was 

attached to the engine cylinder head, and a charge amplifier 

was   employed. NOx, HC, and CO levels were measured 

using an exhaust gas analyzer (Testo-350) 

Table 1: Fuel Properties 

Characteristics of 

fuel 

BF100

WOB0 

BF80

WO

B20 

BF0WOB

100 

Viscosity (mm2/s) at 

40 C 

3.8 3.59 3.64 

Density (kg/m3) at 15 

C 

838 849.5 874.7 

Calorific value 

(MJ/kg) 

45.5 44.6 40.4 

Flash point (C) 61.2 52.6 36.5 

cetane number 45-52 52.9 49.5 
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Fig.2. Fuel Samples 

All of the evaluations were performed using a data 

collection system interface at the maximum engine speed of 

1500 rpm. 

 

Table 2: Technical Specifications 

Limits Limits value 

Engine stroke /cylinder 4/1 

Higher FIP 230 bar 

Speed 1500 rpm 

Dimension of bore/stroke  87.5/110 mm 

Advanced fuel injection timing 24.0° b TDC 

Compression ratio 14.5-18.5 

Method of cooling Water 

  Fig. 3. Test Setup 

3. Results and Discussion 

3.1. Engine Performance 

3.1.1. Specific Fuel Consumption (SFC) 

 

 

Figure 4 depicts the difference in SFC between the 

BF100WOB0, BF80WOB20, and BF0WOB100 depending 

on the CRs of the engines (14.5-18.5). The following is the 

formula that is used in the determination of the brake specific 

fuel consumption (SFC) of the diesel engine. 

 

 

 

The engine that was run at 1500 rpm demonstrated an 

increase in SFC of 3.5% and 3.1%, respectively, for 

BF80WOB20 and BF0WOB100 when operated at CR17.5. 

3.2. Experimental Error Analysis 

There are a variety of factors that might cause the results 

of an experiment to be inaccurate. One of them is the 

inaccuracy that arises from the instruments that are employed 

throughout the research to account for its various constraints.  

If π1, π2……. π are inaccuracies with separate limits, then Eq. 

(1) H. Hazar et al [10] can be used to estimate the experiment 

total error (πr). Table 2 shows how far off the estimates of 

the parameters were. In Table 3, you can see how uncertain 

each of the measured metrics is. Also, 2.56% is set as the 

total amount of uncertainty in all of the tests. 
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        Table 3: Error in Experiments 

Apparatus Error 

Encoder ±0.2% 

Burette measurements. ±1.0% 

Speed  ±1.0% 

Load cell ±0.2% 

Measurement of the heat value ±1.0% 

Pressure ±0.5% 

CO2 ± 0.5-1.0% 

NOX ± 0.5-1.0% 

Smoke  ± 1.0% 

Temperature ±0.5% 
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At CR17.5 and 100% load, the SFC values of 

BF80WOB20 by 0.259 Kg/kWh and BF0WOB100 by 

0.2617 Kg/kWh were higher than those of BF by 0.2533 

Kg/kWh. The basic fuel had a higher calorific value than the 

BF80WOB20 and BF0WOB100 fuels, both of which had 

lower calorific value numbers. When calculating SFC, the 

calorific value of a fuel is a crucial component to take into 

account. The information presented in Table 1 reveals that 

WOB and blends had less calories than BF. The engine has 

to burn through a lot more biodiesel to get the same power 

out to the output shaft because of the alternative poor 

calorific value and other unfavorable qualities including its 

high density and viscosity. As compared to BF, the SFC 

values of biodiesel fuels were proven to be substantially 

greater M. Akcay,H. Hazar, H. How et al, [9]-[11]. By 

boosting the CRs, we were able to reduce fuel consumption 

to its absolute minimum A. Hasan et al,[14]. 
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Fig. 4. Specific Fuel Consumption with CRs 

 

3.2.2. Brake Thermal Efficiency (BTE) 

Figure 5 illustrates the difference in braking torque 

between the BF100WOB0, BF80WOB20, and BF0WOB100 

at different engine CRs (14.5-18.5). The following is the 

formula that is used in order to calculate the BTE of the 

diesel engine:  BTE =(brake power in kW)/(heat supplied by 
the fuel in kJ/s )× 100 %. When operating at 1500 rpm, the 

engine demonstrated a reduction in BTE of 3.4% and 3.2% 

for BF80WOB20 at CR14.5 and CR17.5, respectively. At 

CR17.5 and 100% load, the BTE values of BF80WOB20 by 

32.5% and BF0WOB100 by 26.8% were lower than those of 

BF by 33.6%. The ratio of the quantity of energy that is 

taken from the fuel to the amount of energy that is extracted 

from the generation of electricity is one definition of thermal 

efficiency S. Mohite et al [15]-[16]. This effect is brought 

about as a consequence of increased mass flow rate and 

lower heating value of the injected fuel S. Mohite set al, [17] 

[18]. Rajak, U et al, [19]. Calculate the fuel energy content 

using its mass flow rate and lower heating value. A little 

increase in BTE was seen with the biodiesel due to reduced 

fuel atomization in the burning space. One possible 

explanation for this is the higher viscosity of alternative 

compared to diesel I. Veza, J. Gao et al [20]-[21]. At full 

load, the BF BTE was found to be 33.6% higher than the 

BF80WOB20 BTE, the BF0WOB100 BTE, and the 

BF0WOB100 BTE. 
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Fig.5. BTE with CRs 

 

3.3. Maximum Cylinder Pressure (Max.CP) 

The contours of the maximum cylinder pressure 

(Max.CP) are depicted in Figure 6 for the BF100WOB0, 

BF80WOB20, and BF0WOB100 with their respective engine 

CRs (14.5-18.5). It was discovered that the Max.CP was 

greater for base fuel thasn for WOB and mix while the 

engine was operating at maximum load. At CR17.5 and 

100% load, the Max.CP values of BF80WOB20 by 96.0 bar 

and BF0WOB100 by 68.9 bar were lower than those of BF 

by 98.0 bar. This was because base fuel had a larger calorific 

value than WOB and blend. Discovered greater cetane 

number of B20 feedstock blends owing to early combustion 

processes by N. Krishaina et al. [22], U. Rajak et al. and [23]. 

As the compression ratio (CR) is increased, there is a 

corresponding increase in the Max.CP for both the diesel 

blend (B20) and the base fuel that was tested. This is because 

a higher intake air temperature permits better oxidation and 

fuel atomization with air, which in turn accelerates the entire 

combustion process. 
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Fig.6. Cylinder Pressure with Engine CRs 

3.4. Ignition Delay 

Figure 7 illustrates how the ignition delay (ID) varies 

depending on the engine CR for the BF100WOB0, 

BF80WOB20, and BF0WOB100 (14.5-18.5). When 

operating at 1500 rpm, the engine demonstrated a reduction 

in ID of 2.7% and 14.5% for BF80WOB20 at CR14.5 and 
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CR17.5, respectively. At CR17.5 and 100% load, the ID 

values of BF80WOB20 by 11.8 deg. and BF0WOB100 by 

7.6 deg. were lower than those of BF by 13.92 deg. Reduce 

the delay duration of the BF80WOB20 and BF0WOB100 

fuels as a result of their reduced NOx emissions, which 

results in a lower cylinder temperature and a shorter delay 

period. When the compression ratio is raised, B. Wang et al. 

[24] found that the ID time was compact. This was because 

the fraction of the diffusion combustion phase was increased, 

which in turn considerably prolonged the length of the 

combustion process. A littler ID was reported by T. Nath et 

al. [25] when the CR was raised of 15.5 to 19.5. Besides the 

fact that it has the lowest cetane number, which should, in 

principle, result in the longest igniting delay. D. Babu et al. 

[26] found that a low in-cylinder temperature decreased 

evaporation and lengthened the delay time of the tested fuels. 

Near TDC, in-cylinder temperature is greater, 

improving fuel evaporation and reducing delay. Fuel 

injection timing delayed from 21-15 °CA b TDC reduces the 

delay period. Delaying fuel injection lowers delay. Pre-

injection increases cylinder temperature and pressure, 

reducing the interval between main injection and post-

injection. 
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Fig.7. Ignition Delay with Engine CRs 

 

3.5. NOX Emission 

The change in NOx emissions for the BF100WOB0, 

BF80WOB20, and BF0WOB100 that occurs with engine 

CRs is shown in Figure 8. (14.5-18.5). When operating at 

1500 rpm, the engine demonstrated a reduction in NOx 

emission of 12.3% and 6.6%, respectively, for BF80WOB20 

at CR14.5 and CR17.5. At CR17.5 and 100% load, the NOx 

emission values of BF80WOB20 by 2939.6 ppm and 

BF0WOB100 by 1770 ppm were lower than those of BF by 

3148.8 ppm. The amount of NOx that is released is mainly 

reliant on the heat of the cylinder, the amount of time that 

has passed, and the amount of oxygen present. Higher 

combustion temperatures and increased oxygen 

concentrations were two of the primary factors that led to the 

creation of NOx. Because of the increased combustion 

temperature brought on by the increased amount of 

hydrogen, the NOx emissions are much greater than those of 

the plain diesel. This longer ID of the hydrogen mixture was 

the cause of the increased NOx emission that was produced. 

Because of this action, the temperature of the combustion 

was raised, which resulted in a greater release of NOx V. T. 

Vimalananth, A. Yasar et al [27]-[28]. 
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 Fig.8. NOX  Emission with Engine CRs 

 

3.6. CO2 Emission  

Figure 9 illustrates how the CO2 emissions for the 

BF100WOB0, BF80WOB20, and BF0WOB100 change in 

response to changes in the engine CRs (14.5-18.5). When 

operating at 1500 revolutions per minute, the engine 

demonstrated an improvement in CO2 emissions of 1.2% and 

2.4% for the BF80WOB20 at CR14.5 and CR17.5, 

respectively. At CR17.5 and 100% load, the CO2 emission 

values of BF80WOB20 by 845.4 g/kWh and BF0WOB100 

by 1135.0 g/kWh were higher than those of BF by 825.5 

g/kWh. A. Yasar et al. [28] the proportion of ethanol and 

methanol in the fuel mixes had an effect on the amount of 

carbon dioxide that was emitted. The C/H ratio, fuel mixes, 

and fuel usage all have a significant impact on the CO2 

emissions that are generated A. Sharma, T. Nath et al [29] 

[30]. According to K. Duraisamy et al. [31], the presence of 

carbon dioxide in the exhaust is caused by the full burning of 

fuel in an environment with a high gas temperature. The 

oxygen atoms present in the plastics oil are likely to blame 

for the 13% rise in CO2 emissions that were caused by the 

mixture. These oxygen atoms may have delivered more 

oxygen while burning and made CO to CO2 conversion 

simpler. CO2 generation may be affected by the temperature 

of the combustion process, the air-to-fuel ratio, and the 

formation of the mixture. Under high loads, EGR raises the 

equivalency ratio, which in turn lowers the amount of CO2 

that is produced. The presence of inert species in exhaust 

gases brings the temperature of combustion down, which  

makes CO oxidation more difficult. 
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4. Conclusion 

In the present study, waste cooking oil biodiesel (WOB) 

was utilised as a sustainable compression ignition engine 

fuel. 

• Pressure, BTE, and NOx emissions grow with CR 

improvement from 14.5 to 18.5. The highest values 

of pressure, BTE, and NOx emission all occur at 

CR18.5 of the BF0WOB20 blend. These values are 

108.4 bar, 32.8%, and 3028 ppm, respectively. 

• The increase from 14.5 to 18.5 in CR decreased SFC 

and ignition delay. SFC found to be 258.1 g/kWh 

and ignition delay found to be 11.8 at CR17.5 for 

BF0WOB20 blend. 

• CR increased CO2 emission from 14.5 to 18.5. At 

CR17.5 of the BF0WOB20 blend, CO2 emissions 

reach 845.4 g/kWh, 825.4 g/kWh for BF100WOB0 

and 1135 g/kWh for BF0WOB100.  
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Fig.9. CO2 Emission with Engine CRs 

 

Abbreviations 

BF Base fuel (diesel) 

BTE Brake thermal efficiency 

CI Compression ignition 

CR Compression ratio 

CO2 Carbon dioxides 

ID Ignition delay 

Nox Nitrogen oxides 

Rpm Revolution per minute 

SFC Specific fuel consumption 

WOB Waste cooking oil biofuel 

WOB20 20% waste cooking oil biodiesel 

BF100WOB0 100% base fuel  and 0% waste 

cooking oil biodiesel 

BF80WOB20 80% base fuel  and 20% waste 

cooking oil biodiesel 

BF0WOB100 0% base fuel  and 100% waste 

cooking oil biodiesel 

 

Acknowledgements 

Dr. J Manikandan helped me to finish my research work. 

Dr. Bodapati Venkata Rajanna helped me to finish and 

submit my research paper. 

References 

1. S. Kathirvel, A. Layek, and S. Muthuraman. (2016). 

Engineering Science and Technology, an International 

Journal Exploration of waste cooking oil methyl esters 

(WCOME) as fuel in compression ignition engines: A 

critical review. Engineering Science and Technology, an 

International Journal, 19(2), 1018–1026. 

https://doi.org/10.1016/j.jestch.2016.01.007 

2. V. Sharma, A. Kalam, A. Ahmed, and A. Rezk. (2022). 

Study on using graphene and graphite nanoparticles as 

fuel additives in waste cooking oil biodiesel. Fuel, 

328(March), 125270. 

https://doi.org/10.1016/j.fuel.2022.125270 

3. D. Balasubramanian, A. Tuan, and I. Papla. (2021). 

Numerical and experimental evaluation on the pooled 

effect of waste cooking oil biodiesel / diesel blends and 

exhaust gas recirculation in a twin-cylinder diesel engine. 

Fuel, 287(August 2020), 119815. 

https://doi.org/10.1016/j.fuel.2020.119815 

4. S. Kumar, M. Razali, M. S. A Farabi, M. Izham, Z. 

Zainal, and Y. H. Taufiq-yap. (2020). Production of 

methyl esters from waste cooking oil and chicken fat oil 

via simultaneous esterification and transesterification 

using acid catalyst. Energy Conversion and Management, 

226(August), 113366. 

https://doi.org/10.1016/j.enconman.2020.113366 

5. P. K. Chaurasiya, S. K Singh, R. Dwivedi, & R. V. 

Choudri. (2019). Heliyon Combustion and emission 

characteristics of diesel fuel blended with raw jatropha, 

soybean and waste cooking oils.Heliyon, 5(April), 

e01564. https://doi.org/10.1016/j.heliyon.2019.e01564 

6. A. Ben, H. Trabelsi, K. Zaafouri, W. Baghdadi, and S. 

Naoui. (2018). Second generation biofuels production 

from waste cooking oil via pyrolysis process. Renewable 

Energy, 126, 888–896. 

https://doi.org/10.1016/j.renene.2018.04.002 

7. C. Patel, K. Chandra, J. Hwang, R. A. Agarwal. , and N. 

Gupta. (2019). Comparative compression ignition engine 

performance, combustion, and emission characteristics, 

and trace metals in particulates from Waste cooking oil, 

Jatropha and Karanja oil derived biodiesels. Fuel, 

236(May 2018), 1366–1376. 

https://doi.org/10.1016/j.fuel.2018.08.137 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  

D.V.S.R.B.M Subrahmanyam and M. Jegathesan, Vol.14, No.2, June, 2024 

8. J. Mattson, N. Vlad, C. Depcik, and D. Moldovanu. 

(2019). Second law analysis of waste cooking oil 

biodiesel versus ULSD during operation of a CI engine. 

Fuel, 255(January), 115753. 

https://doi.org/10.1016/j.fuel.2019.115753 

9. M. Akcay, I. Turgut, and A. Feyzioglu. (2020). Effect of 

hydrogen addition on performance and emission 

characteristics of a common-rail CI engine fueled with 

diesel / waste cooking oil biodiesel blends. Energy, 212, 

118538. https://doi.org/10.1016/j.energy.2020.118538 

10. H. Hazar. (2019). Comparative performance and emission 

characteristics of peanut seed oil methyl ester (PSME) on 

a thermal isolated diesel engine Ug.167,260–268. 

https://doi.org/10.1016/j.energy.2018.10.198 

11. H. G. How, Y. H. Teoh, H. H. Masjuki, and M. A. Kalam. 

(2012). Impact of coconut oil blends on particulate-phase 

PAHs and regulated emissions from a light duty diesel 

engine. Energy, 48(1), 500–509. 

https://doi.org/10.1016/j.energy.2012.10.009 

12. N. I. Nwulu and X. Xia, ‘‘Optimal dispatch for a 

microgrid incorporating renewables and demand 

response,’’ Renew. Energy, vol. 101, pp. 16–28, Feb. 

2017. 

13. M. A. Ilyas, G. Abbas, T. Alquthami, M. Awais, and M. 

B. Rasheed, ‘‘Multi-objective optimal power flow with 

integration of renewable energy sources using fuzzy 

membership function,’’ IEEE Access, vol. 8, pp. 143185–

143200, 2020. 

14. A. O. Hasan, H. Al-rawashdeh, A. Abu-jrai, M. R. 

Gomaa, and F. Jamil. (2022). ScienceDirect Impact of 

variable compression ratios on engine performance and 

unregulated HC emitted from a research single cylinder 

engine fueled with commercial gasoline. International 

Journal of Hydrogen Energy, 

https://doi.org/10.1016/j.ijhydene.2022.09.025 

15. S. Mohite, S. Maji. Importance of Energy Audit in Diesel 

Engine Fuelled with Biodiesel Blends: Review and 

Analysis. EUR J SUSTAIN DEV RES. 

2020;4(2):em0118. https://doi.org/10.29333/ejosdr/7596 

16. S. Mohite, S. Maji. Biofuel Certification Performance: A 

Review & Analysis. EUR J SUSTAIN DEV RES. 

2020;4(3):em0124. https://doi.org/10.29333/ejosdr/7864 

17. S. Mohite, P. K. Rohtagi. (2021). Biodiesel in India—A 

Review. In: Sikarwar. B.S, Sundén. B, Wang. Q. (eds) 

Advances in Fluid and Thermal Engineering. Lecture 

Notes in Mechanical Engineering. Springer, Singapore. 

https://doi.org/10.1007/978-981-16-0159-0_65 

18. S. Mohite, S. Maji, A. Pal. (2021). Performance 

Characteristics of Karanja Biodiesel Blends Using Energy 

Audit Technique. In: Kumar. A, Pal. A, Kachhwaha. S.S, 

Jain. P.K. (eds) Recent Advances in Mechanical 

Engineering. ICRAME 2020. Lecture Notes in 

Mechanical Engineering. Springer, Singapore. 

https://doi.org/10.1007/978-981-15-9678-0_14 

19. U. Rajak, T. Subhaschandra, T. Nath, P. Kumar, S. Shaik, 

A. Afzal, C. A. Saleel. (2022). Experimental and 

parametric studies on the effect of waste cooking oil 

methyl ester with diesel fuel in compression ignition 

engine. Sustainable Energy Technologies and 

Assessments, 53(PC), 102705. 

https://doi.org/10.1016/j.seta.2022.102705 

20. I. Veza, A. Dasore, S. Sar, and T. Nath. (2022). 

Numerical and experimental investigation of CI engine 

behaviours supported by zinc oxide nanomaterial along 

with diesel fuel. 239. 

https://doi.org/10.1016/j.energy.2021.122424 

21. J. Gao, H. Li. J. Zhang, Y. Wang, G. Tian, C. Ma, and X. 

Wang. (2022). Simulation on the effect of compression 

ratios on the performance of a hydrogen fueled opposed 

rotary piston engine. Renewable Energy, 187, 428–439. 

https://doi.org/10.1016/j.renene.2022.01.091 

22. N. Krishania, U. Rajak, and P. Kumar. (2020). 

Investigations of spirulina, waste cooking and animal fats 

blended biodiesel fuel on auto-ignition diesel engine 

performance, emission characteristics. Fuel, 276(March), 

118123. https://doi.org/10.1016/j.fuel.2020.118123 

23. U. Rajak, P. Nashine, P. Kumar, and T. Nath. (2021). 

Experimental & predicative analysis of engine 

characteristics of various biodiesels. Fuel, 285(August 

2020), 119097. https://doi.org/10.1016/j.fuel.2020.119097 

24. B. Wang, C. Yang, H. Hu. D. Wang, B. Duan, and Y. 

Wang. (2023). Study on injection strategy of ammonia / 

hydrogen dual fuel engine under different compression 

ratios. Fuel, 334(P2), 126666. 

https://doi.org/10.1016/j.fuel.2022.126666 

25. T. Nath, S. Sarıdemir, and V. Shende. (2022). 

Experimental investigation of performance, combustion 

and emission characteristics of a variable compression 

ratio engine using low-density plastic pyrolyzed oil and 

diesel fuel blends. 319(February). 

https://doi.org/10.1016/j.fuel.2022.123720 

26. D. Babu, V. Thangarasu, and A. Ramanathan. (2020). 

Artificial neural network approach on forecasting diesel 

engine characteristics fuelled with waste frying oil 

biodiesel. 263(February). 

https://doi.org/10.1016/j.apenergy.2020.114612 

27. V. T. Vimalananth, and M. Samuel. (2022). Investigating 

the effects of injection and induction modes of hydrogen 

addition in a CRDI pilot diesel- fuel engine with exhaust 

gas recirculation. International Journal of Hydrogen 

Energy, 47(53), 22559–22573. 

https://doi.org/10.1016/j.ijhydene.2022.05.043 

28. A. Yaşar, A. Keskin, S. Yıldızhan, and E. Uludamar. 

(2019). Emission and vibration analysis of diesel engine 

fuelled diesel fuel containing metallic based 

nanoparticles. Fuel, 239(November 2018), 1224–1230. 

https://doi.org/10.1016/j.fuel.2018.11.113 

29. A. Sharma, N. Ahmad, A. Pal, Y. Singh, and S. 

Lalhriatpuia. (2019). Effect of biogas on the performance 

and emissions of diesel engine fuelled with biodiesel-

https://doi.org/10.1016/j.fuel.2018.11.113


INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  

D.V.S.R.B.M Subrahmanyam and M. Jegathesan, Vol.14, No.2, June, 2024 

ethanol blends through response surface methodology 

approach. Renewable Energy 141, 657–668. 

https://doi.org/10.1016/j.renene.2019.04.031 

30. T. Nath, P. Nashine, P. Kumar, U. Rajak, A. Afzal, S. 

Kumar, A. K. Azad. (2020). The effect of ethanol-

methanol-diesel-microalgae blends on performance, 

combustion and emissions of a direct injection diesel 

engine. Sustainable Energy Technologies and 

Assessments, 42(September), 100851.   

https://doi.org/10.1016/j.seta.2020.100851 

31. K. Duraisamy. (2020). Emission profiling of a common 

rail direct injection diesel engine fueled with hydrocarbon 

fuel extracted from waste high density polyethylene as a 

partial replacement for diesel with some modifications. 

https://doi.org/10.1177/0958305X20942873 

 

https://doi.org/10.1016/j.seta.2020.100851

