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Abstract
Biodiesel is a renewable, clean-burning diesel replacement that can be used in existing diesel engines without modification.
Biodiesel is among the nation’s first domestically developed and economically usable advanced biofuels. Throughout the field of
biodiesel including FAME/FAGE diesel variants, the concentrations of close to around 20% conform to every requirement out
from the existing fuel content guidelines. Larger blending ratios are essential for hydrotreated vegetable oil blends to lubricity
enhancers. Of organic biobutanol blends, the suggested blending ratio is restricted to 10% or less to prevent high water content
and low cetane content. Here, the presented survey intends to make a review of 65 papers that concerns with biodiesel blends.
Accordingly, systematic analyses of the adopted techniques are carried out and presented briefly. In addition, the performances
and related maximum achievements of each contribution are also portrayed in this survey. Moreover, the chronological assess-
ment and various blends of biodiesel in the considered papers are reviewed in this work. Finally, the survey portrays numerous
research problems and weaknesses that may be helpful for researchers to introduce prospective studies on biodiesel blends.

Keywords Biodiesel blends . Glycerol . Blending ratio . Lubricity enhancers . Cetane content

Introduction

Biodiesel is defined as the mixture of mono-alkyl esters of
animal fats or vegetable oils (Maawa et al. 2020). Both oils
and fats were added chemically to the biodiesel with a biodie-
sel catalyst, a glycerin co-product, and a short chain of alcohol

(such as methanol) (Veinblat et al. 2018). Biodiesel would
therefore be technically mixed through petroleum diesel at
some cost. Biodiesel could be used on its very own as B100
or mixed for petroleum diesel in certain ratios (Devarajan et al.
2020). According to potential depletion and growing price of
oil along with environmental issues generated using fossil fuel
consumption, desire based on renewable fuels has drawn a
great deal of interest (Bencheikh et al. 2019; Oliveira and
Caires 2019). Moreover, the waste cooking oils and non-
edible oils were used within appealing as starting materials
in b iodiese l in an easy manner (Beat r ice e t a l .
2014;Jamrozik 2017). One of the important advantages in fuel
is that its performance and properties were identical to tradi-
tional diesel fuels (Das et al. 2018).

Generally, diesel fuel will be really significant based on the
wealthy financial system in countries because it has a broad
variety of applications like mobile drives, power generators,
as well as in mechanical engines (Najafi 2018). The usage of
animal fats or vegetable oils as fuel will produce several issues
in the engine, such as inadequate combustion, engine fouling,
low fuel atomization, and oil toxicity based on increased vis-
cosity (Shen et al. 2018; Jagtap et al. 2020). However, the
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vegetable oil’s viscosity would be decreased using a variety of
processes, including cracking/pyrolysis, microemulsification,
transesterification, and oil blending (Ng and Yung 2019).
Among these, transesterification is commonly used in the pro-
cessing of industrial biodiesel. In addition, the blending bio-
diesel combines traditional petroleum diesel through biodiesel
used for creating a biodiesel mix that would be connected to
some amount of petro-diesel (Anis and Budiandono 2019;
Bora and Saha 2016a, 2016b). Biodiesel could still be used
in the pure form B100 which will involve some alteration of
the engine to prevent maintenance and performance issues
(Gnanamoorthi and Devaradjane 2014).

Nowadays, large energy consumption countries set strong
semi-permanent goals for biodiesel development and carbon
emission reduction (Rakopoulos 2013). The main features of
biodiesel fuels include lower carbon emissions and renewable
nature that were generated internally in most countries (Prabu
et al. 2017; Natarajan et al. 2017a). Biodiesel consumption
may increase the number of concerns, such as efforts to in-
crease agricultural land and its effect on natural ecosystems,
increasing food prices and its effect on the poor, improve the
use of agrichemicals, etc. (Natarajan et al. 2017b; Ong et al.
2017;Mostafa and El-Gendy 2017). Moreover, the environ-
mental and economic effects of biodiesel have been shown
to be heterogeneous (Garcia-Perez et al. 2010; Wu et al.
2017). Even though a variety of developments, namely sus-
tainable energy such as wind and solar photovoltaic and
carbon-free technology such as nuclear, are ready to threaten
coal and natural gas in the power market, it still appears that no
alternative could balance with oil in terms of cost and comfort
for transport (El-Araby et al. 2017; Nabi et al. 2017).

The main contribution of this paper can be given as
follows.

1. This paper presents an extended review based on biodie-
sel blends and the varied techniques adopted in each paper
are portrayed.

2. Consequently, the performance measures and their corre-
sponding maximum achievements are also analyzed in
this review work.

3. Furthermore, various blended materials used in each work
are examined and a chronological review is also carried out.

4. Finally, the research problems that exist in classifying the
biodiesel blend were described and the future directions
were given in this work area.

This paper deals with the following sections: Section 2
describes the related works. The wide-ranging review using
adopted techniques, performances, and the maximum attain-
ments is described in Section 3 and the evaluation on biodiesel
blends and chronological review in each work is represented
in Section 4. Furthermore, Section 5 organized the research
gaps and challenges, and Section 6 indicates the conclusion.

Literature review

Related works

Maawa et al. (2020) have proposed emulsified diesel-
biodiesel blends in CI engines with various water contents
for determining the emission, combustion, and performance
characteristics. However, the present output indicated a 28%
improvement in engine torque and hence was found to be
more effective in the emulsification of biodiesel-diesel with
water. Veinblat et al. (2018) have suggested a comparative
analysis of linseed oil-derived biodiesel on the compression
and performance of ignition engine combustion. Biodiesel
blends were comparable to diesel fuels in all modes of oper-
ation at the low-load condition that reduced the accumulation
of particulate matter when it was fed with diesel fuel mixtures.
Finally, the blended oil has shown a reduction in emission
than diesel with high loads in the engine.

Devarajan et al. (2020) have developed the performance
aspects that limited emissions from papaya seed biodiesel op-
eration. Moreover, the impacts of decanol and DTBP on
biodiesel/diesel blends were invested in research engines. At
last, this work demonstrated an enhanced better performance
and low fuel consumption than other fuels. Bencheikh et al.
(2019) have demonstrated the emission performance and fuel
properties of an engine were analyzed based on ternary waste
cooking oil with proposal mixtures. In addition, an improve-
ment in the properties of cold flow has reduced the density of
proposal blended biodiesel. In the end, the emission and en-
gine performance were raised and NOX, EGT, smoke, and CO
were decreased.

Oliveira and Caires (2019) have proposed molecular dy-
namic simulations for identifying the picture of interactions.
Consequently, the accumulation of diesel molecules was com-
puted quantitatively for methyl esters using the distribution
functions. Finally, the simulation outcome indicated reduced
mobility, fewer diffusion coefficients, and increased molar
mass when compared to the biodiesel molecules. Das et al.
(2018) have identified the spray characteristics based on non-
vaporizing transient of gasoline and biodiesel mixture with 3
different ratios in various conditions of injection pressure and
low load at constant volume chamber. In addition, the z-type
shadowgraph used optical method and image processing algo-
rithm as modified for determining the spray characteristics. At
last, the outputs have shown increased blending fraction of
biodiesel and weak air-fuel mixing ability than gasoline.

Najafi (2018) have investigated CNT and Ag nanoparticles
based on biodiesel-diesel mixtures for determining the diesel
engine characteristics of combustion. Using TEM and XRD
analysis, nanoparticles were characterized and blended with
biodiesel-diesel blends using an ultrasonicator. Finally, the
simulation outputs have shown less ignition delay and
increased cylinder pressure. Shen et al. (2018) have proposed
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PEMS for calculating exhaust emissions and the fuel con-
sumption of diesel vehicle fuels in waste cooking oil biodiesel
blends. From the outcomes, the biodiesel blend offered mini-
mal NOX, CO, HC emissions, and PM2.5 were comparedwith
diesel for deceleration and acceleration modes.

Jagtap et al. (2020) have suggested the emission and
combustion analysis that increased the usage of blending
biodiesel with diesel engine as slow heat rejection.
Moreover, the optimum EJO blends based on CE as well as
LHRE were computed for attaining the characteristics of
every biodiesel blends based on normal diesel during CE
operation. Moreover, the usability of biodiesel and BTE
were increased and hence NOX was decreased. Ng and
Yung (2019) have developed NMR spectroscopic character-
istics based on palm biodiesel with its blends. Usually, for
determining its palm biodiesel–petroleum diesel blending ra-
tio, the presence of vegetable oil components in the samples
cannot be identified by the FT-IRmethod. However, this work
presented NMR spectroscopy with accurate and quick charac-
teristics of blend level in palm oil-based biodiesel.

Anis and Budiandono (2019) have implemented preheating
temperature based on the biodiesel/diesel fuel blends based on
the injection pump performance and fuel spray characteristics.
Fuel injection system equipment was used as a fuel and then
given to the injector using a single-plunger-based fuel injec-
tion pump. At last, the proposed work indicated increased
preheating temperature that prevailed over the transport com-
plexity of high viscosity fuels. Bora and Saha (2016a, 2016b)
have proposed optimization of injection timing and CR using
raw biogas powered with the dual-fuel diesel engine.
Moreover, the engine output power was normalized under
DFM and the biogas runs dual fuel diesel engines in an attrac-
tive substitute for traditional diesel. At last, better efficiency
was obtained in the proposed work.

Gnanamoorthi and Devaradjane (2014) have identified the
effect in CR depending on the emission, combustion, and
performance of DI diesel engine fuels with single cylinder
on ethanol diesel blend. On observing the outcomes, the
brake thermal efficiency was increased at complete load
with a better percentage of ethanol at greatest CR.
Rakopoulos (2013) has investigated the emissions and com-
bustion in cottonseed oil within its biodiesel blends using
diethyl ether or n-butanol in HSDI diesel engine. Finally, the
proposed method provided better performance in biodiesel
blends than other existing methods.

Prabu et al. (2017) have proposed the diesel blends/
waste cooking oil biodiesel with additives for identifying
the combustion, performance, and emission characteristics
of diesel engine fuels. Transesterification processes were
converted vegetable oil to biodiesel by breaking oil mol-
ecules into methyl or ethyl esters with the presence of
glycerol as a catalyst and a by-product. Natarajan et al.
(2017a) have suggested the direct-injected HCCI engine

for computational analysis by deploying diesel blends and
bioethanol as fuels. In addition, the HCCI engine emitted
a UBHC and thus the HC emission caused incomplete
combustion in the engines. However, the temperature
and pressure profiles played a major role during various
operating conditions and thus the emission was reduced
than other works.

Natarajan et al. (2017b) have developed a PCCI engine and
its fuels were based on diesel and bioethanol blends. Here, the
emission characteristics, combustion, and pressure were iden-
tified using the 0.6 equivalence ratio. In addition, the timing of
fuel injection was controlled by crank angle timing in the ECU
unit. The partial homogeneous charge and the vaporized fuel
were fed in the engine by a suction stroke in the pre-chamber.
Finally, the outputs were compared with other fuel diesel
operations and hence there were fewer oxides of nitrogen at
lower levels. Ong et al. (2017) have implemented a
“Calophyllum inophyllum biofuel blend in a diesel engine”
via vibration analysis technique. Here, the biofuel blend B20
with the smallest amount of shaking in general RMS acceler-
ation at complete speed was compared with other biofuel
blends.

Mostafa and El-Gendy (2017) have proposed “microalgae
spirulinaplatensis bio-diesel” and its blends for evaluation of
fuel properties with petro-diesel. Here, the mixtures of petro-
diesel and microalgae biodiesel were organized based on a
volume basis and the characteristics of physico-chemical can
be obtained. Finally, the characteristics of the blend indicated
a better engine performance. Garcia-Perez et al. (2010) have
identified the fuel properties and production of biodiesel
blends/fast pyrolysis oil. Extracting bio-oil compounds with
biodiesel utilized the phenolic fraction as fuel additives from
bio-oils. However, the oxidation stability of biodiesel im-
proved when compared to various fuel properties.

El-Araby et al. (2017) have investigated alternative fuels
using palm oil methyl esters/palm oil blends for diesel en-
gines. Finally, the simulation result indicated better outcomes
compared to the correlation prediction. Wu et al. 2017 have
proposed hydrogenated biomass-pyrolysis-oil with diesel in
diesel engines were experienced by surrogate-ethylene glycol.
Here, the engine performance with ethylene glycols was com-
pared with ethyl acetate and ethanol. At last, the proposed
work performed better possibility and hence proved that eth-
ylene glycol was a good additive in diesel.

Beatrice et al. (2014) have suggested an injection parame-
ter optimization by DoE with a light-duty diesel engine fed in
the RME/diesel/bioethanol blend. In the end, the outcome of
this proposed method indicated less heat content and more
ignition delay time. Nabi et al. (2017) have developed the
“13-Mode European Stationary Cycle” based on emissions
and engine performance with diesel-butanol and diesel blends.
The parameters used in combustion like in-cylinder peak pres-
sure, rate of maximum pressure rise, start of injection timing,
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and boost pressure. Here, the simulation output has shown
better engine performance with fewer emissions.

Jamrozik (2017) has implemented the alcohol content in
fuel blends based on the emissions and performance charac-
teristics of direct injection diesel engine fuels using diesel-
ethanol and diesel methanol blends. However, the distur-
bances in the combustion process occurred due to arise in
volume percent of methanol in unsteady engine work and
in-cylinder pressure. Finally, the alcohol content had a limit
in the steady works of the combustion engine. Majhi et al.
(2012) have proposed Hempel distilled bio-oil for blending
optimization with diesel. From the analysis, the proposed
characteristics of diesel and four blends were compared with
the other diesel blends.

Bora and Saha (2016a, 2016b) have identified the charac-
teristics of CR on performance, combustion, and emission
characteristics of rice bran biodiesel-biogas run dual fuel in
the diesel engine. On analyzing various outcomes, the CR
values were the same and hence the output was obtained
with higher ni t rogen oxides and CO2 emissions
correspondingly. Nagaraja et al. (2015) have suggested an
effect of CR over the emission and performance characteris-
tics based on diesel-preheated palm oil blends of variable CR
engine fuel. In addition, the output efficiency has shown better
performance such as emission characteristics, brake power,
and effective pressure.

Senthil et al. (2015) have proposed the effects of engine
design parameters such as fuel IT and CR combined with
SFC, BTHE, and emissions of HC, CO, NOx, and smoke
with annona methyl ester as fuel. A20 had the performance
and emission comparison of various values of CR with
injection timing for identifying the best possible mixture in
an operating engine. Kumar et al. (2015) have suggested es-
terified punnai oil based on the emission and performance
characteristics tested in VCR engine. Finally, the properties
of biodiesel were compared with diesel provided better results
for the proposed work.

Selvabala et al. (2011) have introduced a two-step process
used for producing biodiesel from Calophyllum inophyllum
oil. Moreover, RSM and CCD were used for determining
the higher operating condition in the pre-treatment step. In
addition, the processes of biodiesel produced were tested
based on the properties of the fuel. Fattah et al. (2014) have
implemented a diesel engine with CIBD blends accompanied
by oxidation inhibitors for determining the performance and
regulated emissions. Finally, the performance results generat-
ed lower mean BP and higher mean BSFC compared to diesel.

Bapu et al. (2015) have identified the characteristics of
combustion chamber geometry based on DI diesel engine
fuelled by Calophyllum inophyllum methyl ester. Here, the
emissions were decreased, and the combustion characteristics
were getting better by enhancing the fuel-air mixture
preparation.

Muthukumaran et al. (2015) have identified fly ash catalyst
for diesel engine application for the synthesis of cracked
Calophyllum inophyllum oil. However, the fuel development
process was carried out with a fixed bed catalytic converter to
test the properties of a fly ash catalyst. Fly ash characterization
learned using SEM and EDS distinguished the surface and
internal properties of fly ash particles pre and post cracking.
At last, the emission of NOX was reduced when compared
with B25 with diesel. Tinprabath et al. (2016) have investigat-
ed the effect of cold temperatures on the process of fuel injec-
tion of biodiesel mixtures. Moreover, the higher proportion of
biodiesel in the mix, the discharge ratios lowered the stream,
the penetration improved and the stream angle decreased dra-
matically in cold environments. In addition, in this proposed
study, the correlation coefficients determined the discharge
coefficient as well as the spray angle during cold conditions.

Hossain and Davies (2010) have proposed a technical re-
view on both non-edible and edible plant oils of CI engines
and comparisons with standard diesel fuel. Moreover, green-
house gas emission and life-cycle energy analyses have the
benefits of natural plant oils from fossil fuel and biodiesel.
Simultaneously, the outputs have shown that the life-cycle
energy-to-input ratio of raw plant oil was 6 times greater than
those of fossil diesel. Hossain and Bayindir (2010) have sug-
gested the cottonseed oil methyl ester in a diesel engine used
for analyzing the emission characteristics and performance.
Finally, experimental outcomes indicated less CSOME in
the blends as diesel fuel in engines.

Çelikten et al. (2010) have developed soybean oil and rape-
seed methyl esters during various pressures for the compari-
son of performance and emissions in diesel fuel. Rapeseed oil
methyl ester and soybean oil methyl ester were developed
from both the engine performance and emission perspective
of the four-cylinder diesel engine. Moreover, both injection
pressures include a lower amount of CO and smoke than fossil
fuel and even reduced NOx emissions. Kratzeisen and Müller
(2010) have implemented phosphorus production of coconut
oil dependent on the efficiency of vegetable oil pressure
stoves. The overall toxicity of debris, Conradson carbon
traces, iodine content, and acid value were measured using
fuel mixtures. Eventually, the test findings revealed higher
concentrations of the phosphorous material in the vaporizer.

Rehman et al. (2011) have proposed esterified jatropha oil
diesel blended with an alternative fuel for the gas turbine. At
last, the experimental results obtained during the simulation
procedure have shown the better performance of diesel fuel in
normal conditions, and better outcomes were attained by the
proposed work. Chen and Chen 2011 have modeled rapeseed-
based biodiesel of energy costs that were exploited. This pro-
cess of biodiesel production included four main stages such as
“wastewater treatment, transesterification, agricultural crop
production, and transportation.” Finally, the overall energy
costs of rapeseed-based biodiesel were estimated.
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Nita et al. (2011) have investigated the physico-
chemical properties in pseudo-binary mixtures with bio-
diesel for correlations and measurements. Biodiesel þ ben-
zene mixtures and pseudo-binary biodiesel þ diesel fuel
were prepared based on their densities, viscosities, and
refractive indices of mixtures in preparation of biodiesel
blends. At last, the study provided really high consistency
using Kay’s mixing law or empiric equations derived
from the regression analysis. Mallikappa et al. (2012)
have proposed the double-cylinder CI engine powered
by cardanol biofuel blends for both the assessment of
performance and pollution characteristics. Biofuels pro-
duced through non-edible oils are regarded as a sustain-
able alternative to fossil diesel. In this situation, the ther-
mal performance of the brakes was improved with higher
brake strength and pollution rates of up to 20% mixtures.

Leoneti et al. (2012) have suggested biodiesel production
with glycerol as a by-product in Brazil. For identifying these
viable alternatives, by-product production of co-gasification,
chemical products, animal feed, production of hydrogen, de-
velopment of fuel cells, co-digestion, ethanol or methanol
production, fuel additives, and waste treatment were used for
biodiesel productions. Finally, the promising possibilities
provided the better performance of unrefined glycerol in the
biofuel market than other methods. Shukla et al. (2011) have
developed an optimization process for the cost-effective oper-
ation of refueling station systems including alternative energy
automobiles. Refueling stations at sites have greatly increased
the number of vehicles operated under expenditure con-
straints. Finally, the use of transport simulation offered a clear-
er approach to the dynamic large-scale issue of a real-life
transport network.

Sayin and Gumus (2011) have implemented performance
and pollution of a DI diesel engine fuelled by biodiesel-
blended diesel fuel including CR effect and injection param-
eters. Effects on CR and injecting parameters and emissions of
the DI diesel engine were obtained through the utilization of
biodiesel blended-diesel fuel. Finally, BSFC, BTE, and BSEC
were improved with an increase in CR when compared over
the original and decreased CRs. Aydin and Ilkılıç (2010) have
proposed the influence of ethanol blending into biodiesel on
engine performance and exhaust pollution in CI engines.
Ethanol has been used as an ingredient to work in unaltered
diesel engines using industrial diesel fuel, 20 percent biodie-
sel, and 80 percent jet fuel named B20 in a single cylinder.
Finally, the experimental results indicated the improved per-
formances of the CI engine.

Atadashi et al. (2011) have presented refining technology
based on the purification in crude biodiesel. The most recent
biodiesel membrane refining technologies through membrane
purification have shown promised biodiesel production and
quality with low water use and wastewater discharge.
Sherbiny et al. (2010) have investigated microwave

technology for the processing of biodiesel. Radiofrequency
microwave energy provided a quick, simple route to this use-
ful biofuel with both the advantages of growing the response
time to boost the separation cycle. Nonetheless, this new tech-
nique needs to be more explored for future scale-up of indus-
trial applications.

Qiu et al. (2011) have proposed mixed soybean oil and
rapeseed oil for biodiesel production. The biodiesel blend pre-
pared by the process of transesterification usingmixed oil with
NaOH was used as a catalyst. The biodiesel structures were
characterized by FT-IR spectroscopy and sulfur content of
biodiesel can be specified by “Inductively Coupled Plasma
emission spectrometer.” In the end, the proposed works have
offered satisfying outputs. Atapour and Kariminia (2011)
have suggested biodiesel production based on classification
and transesterification of Iran’s bitter almond oil. The BAO
obtained from resources as its physical and chemical proper-
ties of the contribution of unsaturated fatty acids as strong has
been verified by the study of the fatty acid content listed.

Demirbas (2011) has developed a solution to pollution
problems using fixation of carbon dioxide by microalgae
and biodiesel from oilgae. Microalgae appeared as renewable
biodiesel were used as transport fuels in meeting the global
demand and biodiesel production. At last, the microalgae
biofixation of CO2 operated large-scale systems and hence
the CO2 outputs were converted into biofuels in the power
plant. Sharon et al. (2012) have implemented the test on DI
diesel engine fuelled in methyl esters for palm oil. Here, the
palm oil was converted into methyl esters during the
transesterification process and the produced biodiesel was
mixed with gasoline in various volume amounts measured in
a DI diesel engine by changing loads at constant rpm.
However, the experimental analysis indicated better
performances in terms of performance, emission, and
combustion profile. Bezergianni et al. (2011) have proposed
a linear programmingmethod trying tomaximize the blending
level of biodiesel depending on the actual product require-
ments. Here, the formula used to estimate the properties of
diesel–biodiesel mixtures with various mixing ratios and the
ultimate mixing ratio with biodiesel was established, taking
into account standard fossil diesel forms and four biodiesel
forms. By the end of the day, the theoretical model was ap-
plied to utilize MATLAB and the subsequent biodiesel opti-
mization was analyzed.

Fahmi and Cremaschi (2012) have developed a model using
ANN that surrogates the models for synthesizing of the biodie-
sel production plant. However, the superstructure optimization
model has reduced the computational cost for solving the dis-
junctive programming, and the surrogate models utilizing
ANNs were developed. Singh et al. (2010) have investigated
the characterization, engine efficiency, and emission character-
istics including preparation of coconut oil-based hybrid fuels. In
comparison, CCO extracted through copra using the
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conventional approach and VCO extracted from both the direct
microexpulsion process were used during the proposed re-
search. Simultaneously, the simulation outcomes indicated bet-
ter efficiency of hybrid fuels compared to diesel.

Fang et al. (2013) have proposed four heavy-duty diesel
engine cylinders are used to monitor the influence of ethanol
during most of the combustion cycle and the release of pre-
mixed LTC. The medium degree of EGR and the extended
ignition delay were accomplished by the premixed LTC.
Finally, smoke emissions were reduced in high loads when
compared to diesel fuels. Balat and Balat (2010) have suggested
biodiesel processing. However, the four techniques such as
transesterification, dilution, microemulsification, and pyrolysis
have solved the problems that occurred during high fuel viscos-
ity. The presented model has offered higher combustion dura-
tion, reduced particulate emissions, and less ignition delay.

Mejía et al. (2013) have developed blends that use diesel and
palm-castor biodiesel depending on their cloud level, viscosity
as well as the flash stage. However, palm oil is often used as a
biomass raw material to produce a large concentration of satu-
rated fatty acids. Ultimately, the suggested calculation of
viscosity and cloud level for liquid mixtures demonstrated
fewer differences than other approaches. Yang et al. (2013)
have implemented dominant weathering processes of
incrementing biodiesel and its mixing in atmospheric condi-
tions. An increase in mass and chemical content is focused on
tests obtained from soya bean and canola oil, petrol, and coal.
Moreover, the individual FAME compounds and the total bio-
diesel concentration provided limited evaporation of the
biodiesels with better stability. In addition, the proposed bio-
diesel blends provided better performance and more boiling
point than other traditional diesel.

Jose et al. (2011) have proposed the multi-variant method
for optimizing requirements for the production of biodiesel
utilizing rubber seed oil. The DOE approach has been used
to improve process parameters by acid-related, two-stage es-
terification, and alkaline-related catalytic converters. Finally,
the fuel properties were tested and compared with the alternate
fuel over the existing engine.

Lin and Huang (2012) have presented a cost-benefit calcu-
lation of the usage of biodiesel as an alternate fuel for fishing
vessels in Taiwan. In the global environment, air pollution
was a significant source for fishing boats as pollutant emis-
sions and examined the biodiesel that replaced fishing-boat
fuel to reduce pollutant emissions. At last, the proposed bio-
diesel provided a larger reduction in emissions, the highest
cost-benefit ratio, and lower fuel cost than other fuels. Kiss
and Ignat (2012) have investigated enhanced recovery of
methanol and isolation of glycerol in the manufacture of bio-
diesel utilizing DWC. The effective intensification process
using DWC isolated all high-purity materials in one unit of
equipment. Also, the proposed DWC have shown better out-
comes with lower investment costs and less energy.

Zhang et al. (2012) have proposed the dynamic and kine-
matic viscosities of biodiesel-diesel blends utilizing mid-to
near-infrared spectroscopy. Here, a PLSR modelling method
employed using the calibration models based on information
depending on biodiesel including three commercial petrol oils.
Finally, the proposed findings showed that bothMIR and NIR
had correctly estimated the viscosity of biodiesel–diesel
blends. Park et al. (2012) have suggested the effect of biodie-
sel in bioethanol blended diesel on both the efficiency of the
engine as well as the pollution characteristics of the compres-
sion ignition system. The fuel properties for diesel-bioethanol
blends were calculated and the engine experiments were per-
formed using only a single-cylinder diesel engine. Finally, the
simulation outcomes have shown higher biodiesel blended
ratio and less fuel density with reduced EI-NOx emission.

Wide-ranging review on adopted techniques,
performances, and themaximum attainments

Review on adopted techniques

The review of different methods adopted in each work is
discussed in this section and is shown in a diagrammatic rep-
resentation by Fig. 1. From the review, it was observed that
least-squares methods were adopted in Veinblat et al. (2018)
and El-Araby et al. (2017), and TG and DSC analysis in
Bencheikh et al. (2019) and Mostafa and El-Gendy (2017).
Fuel injection systems were adopted in Anis and Budiandono
(2019), Gnanamoorthi and Devaradjane (2014), Natarajan
et al. (2017a), and Natarajan et al. (2017b). In addition, per-
turbation techniques were adopted in Bora and Saha (2016a,
2016b) and the transesterification method was deployed in
Prabu et al. (2017), Nagaraja et al. (2015), Senthil et al.
(2015), Kumar et al . (2015), Bapu et al. (2015),
Muthukumaran et al. (2015), Rehman et al. (2011), Chen
and Chen (2011), Sherbiny et al. (2010), Atapour and
Kariminia (2011), Demirbas (2011), Sharon et al. (2012),
Balat and Balat (2010), and Mejía et al. (2013). In addition,
the DOE method was exploited in Beatrice et al. (2014) and
Jose et al. (2011) and ASTM/IP test method was employed in
Majhi et al. (2012) and Nita et al. (2011) respectively.
Moreover, other biodiesels blending algorithms such as direct
data acquisition system were adopted in Maawa et al. (2020),
splash blending method was deployed in Devarajan et al.
(2020), molecular dynamics simulation analysis was exploited
in Oliveira and Caires (2019), optical and automatic threshold
determination method was employed in Das et al. (2018), and
CVD method and root sum square method was adopted in
Najafi (2018) correspondingly. In addition, the PEMSmethod
was deployed in Shen et al. (2018), the standard titrimetric
method was employed in Jagtap et al. (2020), the NMR spec-
troscopy method was exploited in Ng and Yung (2019),
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simple time marching technique was adopted in Rakopoulos
(2013), and advanced vibration analysis technique was de-
ployed in Ong et al. (2017) respectively. However, the analyt-
ical fitting methods were adopted in Garcia-Perez et al.
(2010), Gaussian package was deployed in Wu et al. (2017),
ESC protocol was exploited in Nabi et al. (2017), NDIR
methods were employed in Jamrozik (2017), and RSM pro-
cess was adopted in Selvabala et al. (2011). Similarly, the
linear approximation method was adopted in Fattah et al.
(2014), Bernoulli’s principle was deployed in Tinprabath
et al. (2016), emulsification method was employed in
Hossain and Davies (2010), non-destructive infrared tech-
niques were exploited in Hossain and Bayindir (2010), poly-
merization was adopted in Çelikten et al. (2010), Conradson
carbon residue measurement was employed in Kratzeisen and
Müller (2010), and single-stage fractional distillation method
was deployed in Mallikappa et al. (2012). At last, the impreg-
nation method, agent-based modelling methods, combined
container method, exhaust gas analyzer, adapted supercritical
methanol method, ICP technique, linear programming meth-
od, ANN method, direct microexpelling methods, opacimeter
analyzer, dominant weathering process, cost-benefit method,
DWC system, PLSR modelling method, and shoot analyzer
were adopted in Leoneti et al. (2012), Shukla et al. (2011),
Sayin and Gumus (2011), Aydin and Ilkılıç (2010), Atadashi
et al. (2011), Qiu et al. (2011), Bezergianni et al. (2011),
Fahmi and Cremaschi (2012), Singh et al. (2010), Fang et al.
(2013), Yang et al. (2013), Lin and Huang (2012), Kiss and
Ignat (2012), Zhang et al. (2012), and Park et al. (2012)
respectively.

Analysis of biodiesel blends and engine
characteristics

The performance measures that are taken from various contri-
butions regarding biodiesel blend are described in Table 1.
From Table 1, it is observed that 8 papers have utilized ethanol
blend and diesel/biodiesel, respectively, which have contrib-
uted about 12.31% of the reviewed works in each oil, and the
palm oil was used in 6 papers that had contributed about
9.23%. Moreover, Tamanu oil has been adopted in 5 papers,
which have contributed about 7.69%. Also, waste cooking oil
and rapeseed and soya bean oil have been contributed about
6.15% (4 papers), and 7.69% (5 papers). Likewise, punnai oil,
rapeseed oil, cardanol oil, crude oil, bitter almond oil,
microalgae, rubber seed oil, algae oil, lubricating oil, linseed
oil, papaya seed oil, pine and oil mallee, sugarcane trash py-
rolysis oil, and rice ban oil, respectively, have been contribut-
ed about 1.54% (2 papers) in each oil. Furthermore, vegetable
oil, jatropha oil, plant oil blend, cottonseed oil, esterified
jatropha, crude oils, and annona squamosa oil were adopted
in 3 papers, which contributed about 3.08% in each oil. The
single-cylinder characteristics of diesel engines have been

adopted in 16 papers, contributing to 24.61%. Likewise, four
cylinder characteristics of diesel engine have been adopted in
5 papers, which have been contributed about 7.69%.
Similarly, 6-cylinder was assumed in 1 paper, which contrib-
uted about 1.54%.

Analysis of maximum performance

The maximum performance attained by each of the
reviewed papers based on biodiesel blend systems is repre-
sented in Table 2. From the review, speed adopted in Aydin
and Ilkılıç (2010) has attained a better value of 7500 rpm,
and power adopted in Nabi et al. (2017) has attained a
higher value of 162 kW. In addition, the compression ratio
attained a higher value of 21:1 and it has been adopted by
Wu et al. (2017) and density has attained a higher value of
914 kg/m3, which was adopted by Çelikten et al. (2010)
respectively. Similarly, pressure, temperature, efficiency,
and performance have attained better values of 300 bar,
800 °C, 85%, and 98% and it has been adopted by
Çelikten et al. (2010); Leoneti et al. (2012); Fahmi and
Cremaschi (2012) and Sherbiny et al. (2010). , correspond-
ingly. The measures such as molar ratio, torque, and NOx
emission have attained higher values of 7.5:1, 820 Nm, and
358.36 tons and they have been adopted in Sherbiny et al.
(2010); Nabi et al. (2017) and Lin and Huang (2012) re-
spectively. Also, energy cost, PM emission, and CO emis-
sion were exploited in Chen and Chen (2011); Lin and
Huang (2012), and Lin and Huang (2012), and they have
acquired higher values of 9272.7 MJ, 43.03 tons, and 83.10
tons correspondingly. In addition, viscosity and BSFC have
attained higher values of 4.6 mm2/s and 4.90% and they
have been measured in El-Araby et al. (2017) and Fattah
et al. (2014) respectively. Also distance, frame rate, heat
release rate, ignition delay, displacement, torque error, spe-
cific gravity, calorific value, correlation value, accuracy,
CH emission, SO emission, mixing ratio, multiplying fac-
tor, separating factor, maximum output, bore, stroke, vol-
ume, weight, F-value, p-value, and prediction error have
attained higher values 2.2 A°, 40,000 frames, 28%,
8.98%, 4.75 L, 0.5, 0.8681, 17.05 MJ/kg, 0.975, 0.012%,
1.35, 474.44 tons, 6.51%, 7.189, 90%, 3.8 hp, 70 mm, 55
mm, 40%, 95%, 12.12, 0.0001, and 0.45% correspondingly
and they were attained by Oliveira and Caires (2019); Das
et al. (2018); Najafi (2018); Najafi (2018); Shen et al.
(2018); Ong et al. (2017); Mostafa and El-Gendy (2017);
Majhi et al. (2012); Selvabala et al. (2011); Nita et al.
(2011); Demirbas (2011); Lin and Huang (2012);
Bezergianni et al. (2011); Fahmi and Cremaschi (2012);
Fahmi and Cremaschi (2012); Singh et al. (2010); Singh
et al. (2010); Singh et al. (2010); Mejía et al. (2013) and
Zhang et al. (2012) respectively.
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Evaluation of biodiesel blends
and chronological review

Review on biodiesel blends

The reviewed works are processed using various biodiesel
blends. The pictorial representation of the different biodiesel
blends in the reviewed works is given in Fig. 2. Accordingly,
the biodiesel blendsmixed with ethanol were used in Bora and
Saha (2016a, 2016b); Gnanamoorthi and Devaradjane (2014);
Natarajan et al. (2017a); Natarajan et al. (2017b); Beatrice
et al. (2014); Jamrozik (2017); Aydin and Ilkılıç (2010);
Fang et al. (2013) and Park et al. (2012) respectively. In which
the main aim of Bora and Saha (2016a, 2016b) was to eradi-
cate the negative impact of the dual fuel combustion on the
environment and engine using the pilot CR and fuel IT of a
biogas run dual fuel diesel engine. Moreover, Gnanamoorthi
and Devaradjane (2014) contributed on finding the optimum
replacement and maximum possible of diesel fuel by ethanol.

In Natarajan et al. (2017a) and Natarajan et al. (2017b), the
emission, as well as combustion and characteristics of the
diesel and bioethanol, were compared and studied. Beatrice
et al. (2014) have analyzed numerous papers on the co-
combustion of blends of diesel with methanol and ethanol.
In addition, Jamrozik (2017) exploited a solution to the real
use of the bio-EtOH blend in diesel engine. Aydin and Ilkılıç
(2010) proposed influence of ethanol blending into biodiesel
on engine performance and exhaust pollution in CI engines.
Fang et al. (2013) have focused on improving the fuel char-
acteristics of biodiesel utilizing a fuel extender to use pure
biodiesel in diesel engines. Furthermore, Park et al. (2012)
have studied the impact of biodiesel fuel on the exhaust emis-
sions and engine performance characteristics.

The biodiesel blends with palm oil were adopted in Maawa
et al. (2020); Ng and Yung (2019); El-Araby et al. (2017);
Nagaraja et al. (2015); Demirbas (2011) and Mejía et al.
(2013). Maawa et al. (2020) have examined the exhaust emis-
sions, combustion characteristics, and effect of water
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Fig. 1 Pictorial representation of biodiesel blending techniques
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Table 1 Review on various biodiesel blend, cylinder, and engine characteristic schemes

Review categories Citation

Biodiesel blend Ethanol blend Bora and Saha (2016a, 2016b); Gnanamoorthi and Devaradjane (2014);
Natarajan et al. (2017a); Natarajan et al. (2017b); Beatrice et al. (2014);
Jamrozik (2017); Aydin and Ilkılıç (2010); Fang et al. (2013);
and Park et al. (2012)

Palm oil Maawa et al. (2020); Ng and Yung (2019); El-Araby et al. (2017);
Nagaraja et al. (2015); Demirbas (2011); and Mejía et al. (2013)

Diesel/biodiesel Oliveira and Caires (2019); Najafi (2018); Anis and Budiandono (2019);
Tinprabath et al. (2016); Sayin and Gumus (2011); Sharon et al. (2012);
and Zhang et al. (2012)

Tamanu oil Ong et al. (2017); Selvabala et al. (2011); Fattah et al. (2014);
Bapu et al. (2015); and Muthukumaran et al. (2015)

Waste cooking oil Lin and Huang (2012); Shen et al. (2018); Prabu et al. (2017);
Bencheikh et al. (2019)

Vegetable oil Balat and Balat (2010); Singh et al. (2010)

Algae oil Mostafa and El-Gendy (2017)

Rapeseed and soya bean oil Çelikten et al. (2010); Chen and Chen (2011); Qiu et al. (2011);
Yang et al. (2013); and Leoneti et al. (2012)

Jatropha oil Sherbiny et al. (2010); Majhi et al. (2012)

Plant oil blend Hossain and Davies (2010); Kratzeisen and Müller (2010)

Cottonseed oil Rakopoulos (2013); Hossain and Bayindir (2010)

Esterified jatropha Jagtap et al. (2020); Rehman et al. (2011)

Crude oils Das et al. (2018); Shukla et al. (2011)

Lubricating oil Nabi et al. (2017)

Linseed oil Veinblat et al. (2018)

Papaya seed oil Devarajan et al. (2020)

Pine and oil mallee Garcia-Perez et al. (2010)

Sugarcane trash pyrolysis oil Wu et al. (2017)

Rice ban oil Bora and Saha (2016a, 2016b)

Annona squamosa oil Senthil et al. (2015)

Punnai oil Kumar et al. (2015)

Rapeseed oil Nita et al. (2011)

Cardanol oil Mallikappa et al. (2012)

Crude oil Atadashi et al. (2011)

Bitter almond oil Atapour and Kariminia (2011)

Microalgae Demirbas (2011)

Rubber seed oil Jose et al. (2011)

Cardanol oil Mallikappa et al. (2012)

Crude oil Atadashi et al. (2011)

Coconut oil Fahmi and Cremaschi (2012)

Cylinder characteristics Single cylinder Natarajan et al. (2017b); Jamrozik (2017); Aydin and Ilkılıç (2010);
Park et al. (2012); Nagaraja et al. (2015); Sharon et al. (2012);
Ong et al. (2017); Selvabala et al. (2011); Prabu et al. (2017);
Bencheikh et al. (2019); Rakopoulos (2013); Jagtap et al. (2020);
Devarajan et al. (2020); Bora and Saha (2016a, 2016b);
Wu et al. (2017); Mallikappa et al. (2012)

Four cylinder Fattah et al. (2014); Beatrice et al. (2014); Fang et al. (2013);
Maawa et al. (2020); Çelikten et al. (2010)

6-cylinder Nabi et al. (2017)

Engine characteristics Water cooled, direct injection diesel engine Gnanamoorthi and Devaradjane (2014)

Air cooled, naturally aspired direct Aydin and Ilkılıç (2010)
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emulsification on engine performance. Ng and Yung (2019)
have illustrated the use of NMR spectroscopy in categorizing
biodiesel derived from palm oil and its blends by using NMR
spectroscopy. In addition, El-Araby et al. (2017) have devel-
oped mixing rules to compute the necessary assets of biodie-
sel, palm oil, and its blends with diesel fuel as the function of
diesel content on the basis of investigational values of blended
fuel assets. Also Nagaraja et al. (2015) have illustrated the
effect of the compression ratio of preheated palm oil–diesel
blended fuels on the emission performance and the emission
characteristic of fuel. Besides, Demirbas (2011) has explored
the utilization of algae for solving the global warming prob-
lem in a short period. Further, Mejía et al. (2013) have inves-
tigated the properties of binary mixtures POB-COB.

In addition, the diesel-biodiesel blending mixture was used in
Oliveira and Caires (2019); Najafi (2018); Anis and Budiandono

(2019); Tinprabath et al. (2016); Sayin and Gumus (2011);
Sharon et al. (2012) and Zhang et al. (2012). Oliveira and
Caires (2019) have examined the diesel-biodiesel interactions at
the molecular level by utilizing MD simulations. Najafi (2018)
have investigated the effect of Ag and CNTs nanoadditives in
diesel blends and biodiesel in a diesel engine. Anis and
Budiandono (2019) have contributed a novel insight about the
injector condition and injection pump in delivering high viscosity
fuel as the effect of preheating temperatures. Tinprabath et al.
(2016) have studied the injection flow characteristics in cold
conditions and at room temperature. Sayin and Gumus (2011)
have illustrated the effects of IP, IT, CR as well as biodiesel-
blended diesel fuel on the exhaust emissions and engine perfor-
mance of the same DI diesel engine.

The mixture of biodiesel blending mixture with Calophyllum
inophyllum was exploited in Ong et al. (2017); Selvabala et al.

Table 1 (continued)

Review categories Citation

Natural aspirated direct injection diesel engine Prabu et al. (2017)

Direct injection, diesel engine Jagtap et al. (2020); Maawa et al. (2020)

Direct injection compression ignition Hossain and Bayindir (2010); Mallikappa et al. (2012)

4-cycle, direct injected, water-cooled
Changchai R170 diesel engine

Wu et al. (2017)

Water cooled, and naturally aspirated,
indirect injection diesel engine

Fattah et al. (2014)

CI engine Najafi (2018); Anis and Budiandono (2019); Hossain and
Davies (2010); Atadashi et al. (2011)

Homogeneous charge compression ignition
(HCCI) engine

Natarajan et al. (2017a)

Variable compression ratio engine Kumar et al. (2015)

Compression ignition engine Senthil et al. (2015)

Internal combustion engine Shukla et al. (2011)

662cc CI engine Natarajan et al. (2017b)

VCR engine Bapu et al. (2015)

DI, NA, watercooled,3.5 kw VCR diesel engine Bora and Saha (2016a, 2016b)

In-line LD (light-duty) Injection diesel engine Beatrice et al. (2014)

Turbocharged and heavy-duty diesel engine Fang et al. (2013)

Aspirated, DI diesel engine Nagaraja et al. (2015)

Water cooled diesel engine Rakopoulos (2013)

Diesel engines Mostafa and El-Gendy (2017)

Turbocharged common rail diesel engine Nabi et al. (2017)

Internal combustion engine Jose et al. (2011)

n/a Atapour and Kariminia (2011); Demirbas (2011); Garcia-Perez et al. (2010);
Veinblat et al. (2018); Rehman et al. (2011); Das et al. (2018); Kratzeisen
and Müller (2010); Sherbiny et al. (2010); Majhi et al. (2012);
Leoneti et al. (2012); Chen and Chen (2011); Qiu et al. (2011);
Yang et al. (2013); Lin and Huang (2012); Shen et al. (2018);
Tinprabath et al. (2016); Zhang et al. (2012); Oliveira and
Caires (2019); Ng and Yung (2019); El-Araby et al. (2017);
Demirbas (2011); Mejía et al. (2013); Nita et al. (2011)

n/a, not available
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(2011); Fattah et al. (2014) and Bapu et al. (2015). Ong et al.
(2017) have investigated the feasibility of biodiesel production
from microalgae Spirulinaplatensis. Selvabala et al. (2011) have
focused on minimizing the computational cost of resolving the
resulting disjunctive programming. Fattah et al. (2014) have
demonstrated the use of TBHQ, BHT, BHA, as well as stabilized
CIBD blends of emission and engine performance characteristics
of an indirect injection diesel engine. Bapu et al. (2015) have
focused on attaining better combustion with a modified piston
bowl design by utilizing 20% of biodiesel.

The biodiesel blends such as rapeseed and soya bean oil were
deployed in Çelikten et al. (2010); Chen and Chen (2011); Qiu
et al. (2011) and Yang et al. (2013) respectively. Çelikten et al.
(2010) investigated the emission variation and performance of

the alternative fuels. Chen and Chen (2011) have estimated the
energy cost of rapeseed on the basis of biodiesel in China and
accounted life span of biodiesel production. Qiu et al. (2011)
have investigated the influence of the ratio, catalyst concentra-
tion, co-solvent, temperature and methanol/oil on biodiesel yield
from the mixed vegetable oils. Yang et al. (2013) have examined
the effects of storage and aging circumstances on diverse types of
biodiesel and biodiesel/diesel blends under ambient temperature
and open-air conditions.

From the review, it is observed that the biodiesel blends with
glycerol were used in Leoneti et al. (2012); Sherbiny et al.
(2010); Kiss and Ignat (2012), and Leoneti et al. (2012) have
presented alternatives at present considered for the utilization of
raw glycerol as the result of biodiesel production, with the

Table 2 Maximum performance
attained by the reviewed works Review categories Citation

Exhaust emission NOx emission is 358.36 tons Lin and Huang (2012)

PM emission is 43.03 tons Lin and Huang (2012)

CO emission is 83.10 tons Lin and Huang (2012)

CH emission is 1.35 Demirbas (2011)

SO emission is 474.44 tons Lin and Huang (2012)

Engine performances Stroke is 55 mm Singh et al. (2010)

Speed is 7500 rpm Aydin and Ilkılıç (2010)
Power is 162 kW Nabi et al. (2017)

Compression ratio is 21:1 Wu et al. (2017)

Efficiency is 85% Fahmi and Cremaschi (2012)

Torque is 820 Nm Nabi et al. (2017)

Torque error is 0.5 Ong et al. (2017)

Displacement is 4.75 L Shen et al. (2018)

Bore is 70 mm Singh et al. (2010)

Volume is 40% Mejía et al. (2013)

Weight is 95% Jose et al. (2011)

Accuracy is 0.012% Nita et al. (2011)

F-value is 12.12 Jose et al. (2011)

p-value is 0.0001 Jose et al. (2011)

Prediction error is 0.45% Zhang et al. (2012)

Viscosity is 4.6 mm2/s El-Araby et al. (2017)

Combustion parameters Pressure is 300 bar Çelikten et al. (2010)

Density is 914 kg/m3 Çelikten et al. (2010)

Temperature is 800 °C Leoneti et al. (2012)

Molar ratio is 7.5:1 Sherbiny et al. (2010)

Heat release rate is 28% Najafi (2018)

Ignition delay 8.98% Najafi (2018)

Mixing ratio is 6.51% Bezergianni et al. (2011)

Temperature is 800 °C Leoneti et al. (2012)

Molar ratio is 7.5:1 Sherbiny et al. (2010)

Density is 914 kg/m3 Çelikten et al. (2010)

Temperature is 800 °C Leoneti et al. (2012)

Molar ratio is 7.5:1 Sherbiny et al. (2010)
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intension to contribute the reasonable consolidation of the biofuel
market. Sherbiny et al. (2010) have demonstrated the radio fre-
quency microwave energy application provides an easy, fast
route to the biofuel with the benefit of improving the reaction
rate as well as the separation process. Kiss and Ignat (2012) have
presented a well-organized process intensification approach for
separation of ternary, such as the utilization of a DWCwhich can
able to divide all products at better purity, in single unit of
equipment.

Plant oil blend was exploited in Hossain and Davies (2010)
and Kratzeisen and Müller (2010), cottonseed oil in
Rakopoulos (2013); Hossain and Bayindir (2010); esterified
jatropha in Jagtap et al. (2020) and Rehman et al. (2011);
cooking oil in Shen et al. (2018) and Prabu et al. (2017); and
gasoline in Das et al. (2018) and Shukla et al. (2011) corre-
spondingly. Hossain and Davies (2010) have assessed the
aggregated environmental inference of plant oils as fuels in
CI engines. Kratzeisen and Müller (2010) have investigated
the predominance of phosphorus lipids of plant oil on forma-
tion of deposits and the performance of the plant oil pressure
stove. Rakopoulos (2013) has compared and evaluated the
exhaust emissions as well as combustion characteristics of
its methyl ester biodiesel in blends and cottonseed oil.

The biodiesel blendingmixture with methanol was deployed
in Jamrozik (2017), butanol in Nabi et al. (2017), linseed oil in
Veinblat et al. (2018), papaya seed in Devarajan et al. (2020),

proposal in Bencheikh et al. (2019), pyrolysis oil in Garcia-
Perez et al. (2010), ethylene glycol in Wu et al. (2017), hempel
distilled oil in Majhi et al. (2012), rice ban in Bora and Saha
(2016a, 2016b), annona methyl ester in Senthil et al. (2015),
punnai oil in Kumar et al. (2015), pseudo-binary mixtures in
Nita et al. (2011), cardinal in Mallikappa et al. (2012), crude oil
in Atadashi et al. (2011), bitter almond oil in Atapour and
Kariminia (2011), microalgae in Demirbas (2011), vegetable
oil in Singh et al. (2010) and rubber seed oil in Jose et al.
(2011) respectively. Jamrozik (2017) has analyzed several pa-
pers of the co-combustion of blends of diesel by ethanol as well
as methanol. Nabi et al. (2017) examined the access of n-buta-
nol addition to diesel fuel of exhaust emissions as well as en-
gine performance in a 13-Mode European Stationary Cycle.
Veinblat et al. (2018) have reported the effects of biodiesel
pretended from linseed oil on ICE performance with an inten-
tion on particle emissions are compared and discussed to the
soybean oil-derived biodiesel fuels and commercial diesel.

Chronological review

The survey analyzed from various papers was developed in
different years. Fig. 3 indicates the number of contributions
for corresponding years in bar chart format. Initially, 46.15%
of papers are reviewed from the years 2010 to 2012. Similarly,
18.46% of the total reviewed papers were taken during 2013 to

Ethanol [12] [13] [16] [17] [23] [25] [47] [57] [65]

Palm oil [1] [10] [21] [28] [52] [59]

Diesel [5] [7] [11] [35] [46] [53] [64]

Calophyllum inophyllum [18] [31] [32] [33] [34]

Petroleum diesel [19] [55] [58] [62]

Glycerol [44] [49] [63]

Rapeseed & Soyabean oil [38] [41] [50] [60]

Plant oil [36] [39], Cottonseed oil [14] 

[37], Esterified Jatropa [9] [40], cooking 

oil [8] [15], gasoline [6] [45]

Biodiesel blends

Methanol [25], Butanol [24], linseed oil [2], papaya seed [3], 

proponal [4], pyrolysis oil [20], ethylene glycol [22], Hempel 

distilled oil [26], rice ban [27], Annona methyl ester [29], pinnai  

oil [30], Pseudo binary mixtures [42], cardinal [43], crude oil [48], 

Bitter algomond oil [51], micro algae [52], Vegetable oil [56], 

rubber seed oil [61]

Fig. 2 Pictorial representation on
adopted biodiesel blends in
reviewed works
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the 2015 year. Furthermore, 24.61% of contributions on bio-
diesel blends are reviewed from the year 2016 to 2018. The
number of papers reviewed based on the biodiesel blends in the
years 2019–2020 is 10.76% of the whole contribution. The
contribution of biodiesel blends from 2010 to 2020 is illustrated
in Table 3. From the table, we can observe that palm oil and

diesel/biodiesel blends focused more in recent years from 2019
to 2020, which is 3.077%, but the esterified jatropha and papa-
ya seed oil contributed only about 1.538% in 2019–2020.
Moreover, on observing the table, it can be noticed that in the
entire years lab from 2010 to 2020, palm oil has been utilized,
while ethanol, diesel/biodiesel, and Tamanu oil are utilized in
3-year slab. Similarly, the waste cooking oil, cottonseed oil,
rapeseed and soya bean oil, and crude oil have been used in
two slabs and all other blends were used in one slab. When
considering the year from 2019 to 2020, palm oil and esterified
jatropha are cheap and papaya seed oil is costly. The Algae oil
produces less NOx emission (Demirbas 2011), while compar-
ing with the other oils, and the Aydin and Ilkılıç (2010)
achieves the high performance in speed of about 7500 rpm.

Research gaps and challenges

Biodiesel is a form of diesel fuel produced from oils like
soybean, recycled cooking oils, or animal fats. These fats
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Fig. 3 Bar chart representing chronological review

Table 3 Contribution of biodiesel
blends from 2010 to 2020 Biodiesel blends 2010–2012 2013–2015 2016–2018 2019–2020

Ethanol 3.077 4.615 6.15 -

Palm oil 1.538 3.077 1.538 3.077

Diesel/biodiesel 4.61 - 3.077 3.077

Tamanu oil 1.538 4.615 1.538 -

Waste cooking oil 1.538 - 3.077 -

Vegetable oil 3.077 - - -

Algae oil - - 1.538 -

Rapeseed and soya bean oil 4.615 3.077 - -

Jatropha oil 3.077 - - -

Plant oil blend 3.077 - - -

Cottonseed oil 1.538 1.538 - -

Esterified jatropha - - - 1.538

Crude oils 1.538 - 1.538 -

Lubricating oil - - 1.538 -

Linseed oil - - 1.538 -

Papaya seed oil - - - 1.538

Pine and oil mallee 1.538 - - -

Sugarcane trash pyrolysis oil - - 1.538 -

Rice ban oil - - 1.538 -

Annona squamosa oil - 3.077 - -

Punnai oil - 1.538 - -

Rapeseed oil 1.538 - - -

Cardanol oil 1.538 - - -

Crude oil 1.538 - - -

Bitter almond oil 1.538 - - -

Microalgae 1.538 - - -

Rubber seed 1.538 - - -

Coconut oil 1.538 - - -
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and oils chemically react to the processing of biodiesel by the
source of both a short chain of alcohol (such as methanol) and
biodiesel catalyst and a co-product of glycerine (Sezer 2011).
Biodiesel could be used on its own (B100) or in any propor-
tion paired with petroleum fuel. However, ultra-low sulfur
diesel fuels can have weak lubrication properties. Low rates
of biodiesel used as a lubricant additive will help to enhance
fuel efficiency and to decrease CO2 emissions from commer-
cial vehicles and cars by diminishing friction (Leung et al.
2010). Advancements in many bio-based or renewable energy
developments have broadened the reach of what is considered
as a feasible response to global energy problems (Kim and
Choi 2010). Biobutanol has often been shown to be more
harmful to humans and animals in the short term when com-
pared to ethanol or diesel. Moreover, it is not known if butanol
could kill the components currently used in vehicles that come
into contact with motor fuels.

Biodiesel often contains a greater level of cetane than other
fossil fuels. Cetane tests the ability of diesel to auto-ignite in
the vehicle and is equivalent to that of gasoline. Higher cetane
energy sources have shorter ignition delays than lower cetane
fuels. Nevertheless, fuels with such cetane numbers less than
the minimum requirements of the engine may cause rough
engine operation and can bemore difficult to start, particularly
in cold weather or at high altitudes (Lin et al. 2011). Low
cetane fuels can raise engine deposits resulting in increased
exhaust emissions, increased engine wear, and more smoke.
Inadequate fuel tank cleaning with fuel mixing, biodiesel
blends B20 were used in any diesel engine using those with
sophisticated fuel injection systems, without compromising
efficiency or durability. However, user feedback has shown
that maintenance specifications for diesel engines running on
or below B20 biodiesel blends are the same as those operating
on normal diesel engines (Jegannathan and Nielsen 2013).
Considering these drawbacks on biodiesel blends, further re-
search is required for deploying it in broader areas in an effec-
tive way.

Conclusion

This paper has offered a complete review of biodiesel blends.
Here, various methodologies adopted in the reviewed works
were analyzed and described. Furthermore, this survey ana-
lyzes the performance measures associated with the reviewed
biodiesel blends. Finally, this paper described about the re-
views in 65 papers and declared the significant analysis of
various algorithms. The analysis has reviewed the perfor-
mance measures and the corresponding maximum achieve-
ments were contributed by different biodiesel blending tech-
niques. Further, the various blended materials exploited in
each reviewed works were also examined and specified dia-
grammatically. Moreover, the chronological reviews were

also done for the analyzed 65 works. Finally, this paper pre-
sented a variety of research problems that may be helpful for
researchers to carry out further work on the biodiesel blending
schemes.

Nomenclature Ag, Silver; ANN, Artificial neural network; ASTM,
American Society for Testing and Materials; BAO, Bitter almond oil;
BP, Brake power; BSEC, Brake-specific fuel consumption; BSFC,
Brake-specific energy consumption; BTHE, Brake thermal efficiency;
CCD, Central composite design; CCO, Crude coconut oil; CE,
Conventional engine; CI, Compression ignition; CIBD, Calophyllum
inophyllum biodiesel; CNT, Carbon nanotubes; CO, Carbon monoxide;
CR, Compression ratio; CSOME, Cottonseed oil methyl ester; DCCI,
Homogeneous charge compression ignition; DEE, Diethyl ether; DFM,
Dual fuel mode; DI, Direct injections; DOE, Design of experiments;
DSC, Differential scanning calorimetry; DTBP, Di-tetra-butyl-peroxide;
DWC, Dividing-wall column; ECU, Engine control unit; EDS, Energy-
dispersive spectroscopy; EGR, Exhaust gas recirculation; EGT, Exhaust
gas temperature; EJO, Esterified jatropha biodiesel; FAME, Fatty acid
methyl esters; FT-IR, Fourier transform infrared; HC, Hydrocarbon;
HCC, Hemispherical combustion chamber; HSDI, High-speed direct in-
jection; HCCI, Homogeneous charge compression ignition; ICP,
Inductively coupled plasma; IP, Injection pressure; IT, Injection timing;
KOH, Potassium hydroxide; LHRE, Low heat rejection engine; LTC,
Low temperature combustion; MHCC, Modified hemispherical combus-
tion chamber; MIR, Mid-infrared spectroscopy; NA, Natural aspirated;
NaOH, Sodium hydroxide; NIR, Near-infrared spectroscopy; NMR,
Nuclear magnetic resonance; NOx, Nitrogen oxides; PCCI, Premixed
charge combustion ignition; PEMS, Portable emission measurement sys-
tem; PLSR, Partial least square regression; PM, Particulate matter; PN,
Particle number; PSD, Particle size distribution; RME, Rapeseed methyl
ester; RMS, Root mean square; RSM, Response surface methodology;
SEM, Scanning electron microscopy; SFC, Specific fuel consumption;
TEM, Transmission electron microscopy; TG, Thermogravimetric;
UBHC, Unburned hydrocarbons; VCO, Virgin coconut oil; VCR,
Variable compression ratio; XRD, X-ray diffraction
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