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ABSTRACT

KEYWORDS The research in searching of new feedstock and biodiesel has mainly been
. focused on economical use and increasing blend proportion, and its impact
Biodiesel, . L

. analysis and optimization  for the last one and half decades. But recent
Emissions, .. .

- researches and their findings approaches to favor on understanding and
Oxidation, L. ) . .
Fouling popularization for biodiesel. In the present work, literatures were cited from

years 2010 to 2019, and reviewed production and sale of automobile also
energy scenario of India, biodiesel performance on an engine, fuel supply
system components and oxidation stability. It was found that negative or
no change, majority of them reported the reduction in HC, CO, CO, and NO,
emission with use of biodiesel, but simultaneously higher fuel consumption,
exhaust gas temperature, lower heat release rate and power from available

literature. The wear rate and injector

clogging and fuel filter plugging

problems are also reported in the favor of use of biodiesel.

1. Introduction

It is necessary to review recent research findings
in the field of road transport fuel supply and
demand scenario, various opportunities to reduce
the dependency on the conventional petroleum
fuel for vehicles, national air pollution history,
today’s status and the severity of the contribution
to bad air quality from the transportation
section and to find the various opportunities
to change the current scenario to the better
direction towards clean atmosphere, good
health society and environment. The present
work emphases literature review summary and
explanation of the current state of knowledge on
the said topic based on the previous researchers
finding and contribution to the society in terms
of adding knowledge to the existing one.

Among all available road transport vehicles
energy sources, biodiesel found the feasible
alternative to diesel fuel. Biodiesel sources are
renewable, eco-friendly and biodegradable in
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nature and can be produced from edible and
non-edible vegetable oils or animal fats.

The use of edible oil for biodiesel production raise
the problem to domestic use, demand and supply
chain, which is reduced by the use of non-edible
vegetable oil for biodiesel as they available in
plenty and eliminate the competition for food.
Non-edible oils are more efficient and environment
friendly also the byproduct from these are
useful and cost-wise non-edible oils are cheaper
than edible oils.
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Fig. 1. Biodiesel feedstock oil productivity yield [1, 2].

36 Manufacturing Technology Today, Vol. 19, No. 1-2, Jan-Feb 2020



Technical Paper

Comparing to production of petro-diesel product,
production of biodiesel is easy and more
convenient and can be handle by individuals on a
very small to medium scale and it is inexpensive
with small investment. Especially for non-edible
oil biodiesel, is more profitable and there is no
competition with food supply chain and also
government promotes such project by training
schemes and finance.

This review analyzes critically a segment of
a published literature through summary,
classification, and comparison of previous
research studies. For published literature related
to impact of vehicular emission on air quality,
search of new alternative fuel sources to
minimize the petroleum fuel dependency, various
methods of methodology used to optimize the
engine performance to catch-up the emission
norms and future of the vehicle energy sources
and its opportunities.

2. Automobile Sales and Fuel / Energy
Scenario

In this section, a review of the past sale and
production of the automobiles vehicles on the

indian road and the indian energy senario has
been discussed.

Automobile sector production of vehicles
including passenger vehicles, commercial vehicles,
three wheeler, two wheeler etc. in April-March
2018 was 29,075,605 vehicles as compared to
the production of 25,330,967 vehicles in April —
March 2017 which was showing increase in
production by 14.78%.

Government of India, under the ministry of power,
Central Electricity Authority (CEA), annually
published the Load Generation Balance Report
(LGBR). This report included energy requirement
and availability in million unit and peak demand
and availability in mega watt for the year
2018-19, this report also compared the previous
year actual power supply position with the
present forecasted power supply position in
the LGBR report. LGBR [4].

The forecasting for the country power position in
the year 2018-19 considered the existing power
availability and included renewable energy
sources, availability of fuel and water for power
stations. Power capacity of 9626 MW adding
during the year 2018-19, in which 8216.15 MW of

Table 1
Impact of biodiesel use [3].
Sr. Impacts of I
No. Biodiesel Use Description
Sustainability
Fuel diversity
Increased number of rural manufacturing jobs
Economic Increased income taxes
1 . . .
Impacts Increased investments in plant and equipment

Agricultural development
International competitiveness
Reducing the dependency on imported petroleum

Environmental
Impacts

Green house gas reductions
Reducing of air pollution
Biodegradability

Higher combustion efficiency
Improved land and water use
Carbon sequestration

3 Energy Security

Domestic targets

Supply reliability

Reducing use of fossil fuels
Ready availability
Domestic distribution
renewability
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thermal power station, 910 MW of hydro power
station and 500 MW of nuclear power station.
The total projected power generation in the
country will be 1265 Billion Units, considering
current working power station and expected
commissioned power station during the year
2018-19. LGBR [4].

Indian road transport total vehicles consist of
79% of two wheelers, 4% of three wheelers,
3% of buses and trucks, 12% of economy four
wheelers and 2% of premium four wheelers.
For electric vehicle on Indian roads, India needs
a minimum 10GWh of cell by 2022 and this
will increased to 50 GWH by the year 2025. NITI
Ayog World Energy Council [5].

Gowri et al., [6], has estimated consumption
of energy and impact on environment of
vehicles using well-to-wheel and vehicle life
cycle techniques. Vehicle emissions in well-
to-wheel consist of production of feedstock,
its transportation, the conversion into fuel,
distribution of fuel and combustion of fuel. The

Calculation of emission in well-to-wheel by using
Greenhouse Gases Regulated Emissions and
Energy Consumption in Transportation (GREET)
and Vehicle emission in vehicle life cycle was
investigated on the basis of mass, material used
for vehicle manufacturing, energy and its types
utilized for operation of vehicle and the life span
of the vehicle. Researcher reported CO, emission
from electric vehicle in comparison to IC engine
is more in China, where as it is less in Germany,
USA and Japan.

3. Biodiesel and Engine Performance &
Emission Characteristics

In this section, a review of research work in the
field of reduction emission from road vehicles and
findings of new alternative energy sources and its
potentials has been discussed.

From the available literature, It was witnessed
that the current engines are designed for only
the diesel fuel, therefore, the engine for biodiesel
is comparatively less in performace. This may

Table 2
Vehicle life cycle emission form electric vehicle [6].
Energy Sources Description CO2 Emission
Wind Turbine Energy 7gm/ M)
Renewable Nuclear Energy 9 gm/MJ
Energy Sources
Solar Power 30 gm/MJ
Hydropower 11 gm/MJ
Non-Renewable Coal 300-350 gm / MJ
Energy Sources Natural Gas 100-120 gm / MJ

Table 3
Statistics of effects of pure biodiesel [8].

No. of Literatures

Parameters Reviewed Reported Increase  Reported Similar Reports Decrease
Nos. Nos. % Nos. % Nos. %
Power 27 2 7.4 6 22.2 19 70.4
Economy 62 54 87.1 2 3.2 6 9.7
PM emissions 73 7 9.6 2 2.7 64 87.7
NOx emissions 69 45 65.2 4 5.8 20 29.0
CO emissions 66 7 10.6 2 3.0 57 84.4
HC emissions 57 53 3 5.3 51 89.5
CO2 emissions 13 46.2 2 15.4 5 38.5
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also due to the less calorific value of biodiesel.
However, some researcher have reported that by
increasing power output upto B20 as compared
to diesel, as the biodiesel inherently having
oxygen content approximately 10% in weight that
improve combustion specially at rich zone which
result in more complete combustion. Also fuel
system working on the volumetric basis and as
the density of biodiesel blend is higher than
neat diesel fuel, in addition to this, biodiesel
blends have more viscosity which reduces internal
leakages in the fuel pump which causes more
mass of fuel flow rate is pumped to the engine
and result in increase in power. Wali et al., [7].
If further increase the biodiesel blend, the
power shows decreasing trends and reach to
lesser than diesel fuel and reported minimum
among all blend for B100.

Nanthagopal et al.,, [9] used higher alcohols
n-pentanol and n-octanol to prepare blend with
Calophyllum oil biodiesel, and tested against
the pure biodiesel and diesel. It is found that
alcohol decreases auto ignition quality and
density of fuel blend. The study are blended with
biodiesel, blending of higher alcohols with
biodiesel reduces the auto ignition quality and
density of the blends, The study found that there
is increase in brake thermal efficiency (BTE) upto
8.9%, CO emission increased upto 50%, smoke
emission upto 35% but at the same time it is
reported that there is decrease in HC emission
upto 22%, NOx emission 6.8%. Ong et al., [18].
When the same researcher [2019] tested diesel
engine for ternary blend of diesel, biodiesel,
and decanol, it is reported that there is increase
in NOx emission and reduction in CO, HC and
Smoke emissions.

Rajet et al., [10] used biodiesel from Calophyllum
oil and found there is no much variation in the
HC, CO, CO,, and NOx emissions at all loads
conditions but the peak pressure and the rate
of pressure rise were higher and increase with
increase in load.

Dharmaraja et al.,, [11] conducted experiment
using rice bran oil biodiesel blend, 20% blend
reported lower ignition delay and full load
which increases the rate of vaporization as
shown higher cetane number. authors reported
increase in BTE and exhaust gas temperature
(EGT) (by 7.8%) and decrease in HC, CO, CO, and
NOx and smoke (by 21.62% ) emissions.

Helin et al., [12] conducted an experiment using
blend of biodiesel and Methylfuran (MF) fuel as

alternative to diesel engine, finding of the study
were, the blend shows shorter burning duration
and larger ignition delay at higher load conditions,
the emission of HC and CO shows decreases
whereas NOx reported to be increased.

Manigandan et al., [13] tested corn oil biodiesel
with pentanol and titanium as additives, found
that there is improvement in BSFC by 6.3%, BP
by 22%, and decrease in emission of CO, HC and
smoke with NOx reduction by 16%.

Raman et al., [14] prepared fuel blend of biodiesel
from rapeseed oil and diesel which then tested
and reported as lesser in BTE, peak pressure,
heat release rate, with decrease in CO and HC
emission, but reported that there is raise in EGT
and brake specific fuel consumption (BSFC) with
increase in NOx and smoke emissions.

Adaileh et al.,, [15] tested waste cooking oil
(WCO) biodiesel blends against neat diesel and
observed that, there is lower emission of CO, HC
and CO, with increase in BTE, EGT, BSFC and NOx
emission.

Chaurasiyaet al.,[16] has conducted anexperiment
using biodiesel from Jatropha, Soybean and
Waste Cooking Oil blend and reported results as,
there is decrease in NOx emission as compared
to diesel fuel but Jatropha shows lowest, and
WCO shows highest values among biodiesel
blends. At the same time all biodiesel blends
shows increase in BSFC and EGT with lower values
for CO emissions.

Abed et al., [17] prepared biodiesel from Jatropha,
Palm, Algae and Waste Cooking Oils and blend
with diesel in proportion of 10% and 20%,
experimentally found that, emission of CO, HC,
CO, and smoke for biodiesel blend of Jatropha,
Algae and Palm were lesser than diesel, but CO,
emission for Waste Cooking Oil biodiesel blend
was higher than diesel. Emission of NOx found to
be higher for all the blends.

Santos et al., [19] produce biodiesel from peanut
oil and evaluated potential as an alternative
fuel to 14.2 kW (small) and 60 kW (large) diesel
engine, the results shows that, when engine fuel
with neat biodiesel, the emission of CO, HC and
CO, are higher for smaller engine and lower for
larger engine. Where BSFC and NOx emission
found to be higher than diesel in both the engines.

Nahian et al., [20] have used tranesterified palm
oil biodiesel blend, and investigation was reported
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for B10 and B20 as, BTE, BSFC for B10 is slightly
lower than diesel and higher than B20, but the
CO and NOx emissions were slightly lower than
diesel fuel for both the biodiesel blends [20].

Shailaja et al., [21], sesame oil is used as biodiesel
feedstock and various blend with diesel were
tested in diesel engine and found, better CO, HC,
CO,, and NOx emission characteristics as compared
to diesel engine and enhanced performance in
term of BTE, Mechanical Efficiency.

Shehata et al., [22], conducted experiment for
B100 sunflower biodiesel and B20 of jojoba oil
biodiesel and compare with neat diesel engine
performance, finding of the study were, both
test fuel shows lower BTE, BP and higher BSFC
because of lower heating value of biodiesel
which in tern shows lower EGT and NOx emissions.
At the same time both test fuel shows, higher
CO and CO, emission which is due to higher
Carbon-Hydrogen ratio.

4. Biodiesel and Impact on Fuel Supply
System & Components

Use of biodiesel as a fuel blend with diesel or
higher alcohols and ternary blend, for a short run
investigation of engine performance and emission
characteristics are reported positive, which
shows improvement in performance parameters
like BTE, BSFC etc. and reduction in emission
parameters like NOx, CO, HC etc. But for the
long run, there are adverse effect on the engine
performance and emission characteristics due
to excessive accumulation of carbon and lacquer
deposits on the injector, combustion chamber,
valves and piston, also it is observed that the fuel
spray pattern is changed due to clogging of injector
holes and spray penetration and cone angle is
disturbed which result in degradation of engine
parts and performance.

D’Amico et al., [23] found that now a days
many researcher focused on evaluation of
injector deposition using Gas Chromatography
(GQ) or Mass Spectrometry (MS) analysis
and for characterized the microstructures of
depositions Field Emission Scanning Electron
Microscopy (FESEM) and Energy Dispersive X-ray
Spectroscopy (EDXS) are used. In the authors
study, the use of biodiesel/liquid fuel result in
accumulation of carbon deposition at injector
nozzle, which affect the engine performance and
emission characteristics. To characterized these
carbon accumulation on nozzle, imaging analysis

method is adopted by the researcher, for which
he use low cost digital camera, a closed box for
accommodating injector and camera and 100W
lights to built a diffused illumination. Researcher
develop a method to compare the injector nozzle
fouling effects by photography and processing
the images obtained a pixel count which then use
to analyzes fouling index. The researchers took a
picture and processed in a matrix of pixels and a
injector fouling index was identifies with reference
to the clean injector nozzle.

Liaquatetal., [24] and Liaquatetal.,[25], researcher
conducted an endurance test for 250 hr engine run
and compared the variation of parameters of
20% palm oil biodiesel (PB20) and 20% jatropha
oil biodiesel (JB20) fuel blend against neat diesel
fuel. During the experiment, investigation is
carried out for fuel injector depositions, lubricating
oil viscosity and contamination, fuel economy
and engine emissions. On the basis of visual
inspection, Scanning Electron Microscopy (SEM)
and Energy Dispersive S-ray Spectosocpy (EDS)
are used to analyze and concluded that, there is
higher level carbon accumulation on the fuel
injector tip for the use of Biodiesel blend,
lubricating oil shows higher wear metal

Fig. 2. Injector Nozzle at (a) Clean, (b) Dirty
and (c) Difference Analysed [23].

Neat Diesel Palm Biodiesel 20% Blend

Fig. 3. Injector nozzle deposition
under SEM micrographs [24].

Jathropa Biodiesel B20

Neat Diesel

Fig. 4. Injector nozzle deposition
under SEM micrographs [25].
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KOME100

Diesel

KO100 Unused

Fig. 5. Optical microscopy images of nozzle needle [26].

Table 4
Effectiveness rank of antioxidants [27, 29, 30, 31].

Antioxidant
Biodiesel
Concentration  Effective Rank
TBHQ > BHT >
8000 ppm BHA
. TBHQ > PY > PG >
Soybean Oil 3000 ppm BHA > BUT
TBHQ > PG > BHA
1000 ppm > BHT
Cottonseed
oil 1000 ppm TBHQ > PY > PG
. TBHQ > BHA >
Palm Oil - BHT
. TBHQ > PG > PY
Animal Fat 3000 ppm > BHA
Calophyllum TBHQ > PG > PY >
oil 1000 ppm gy BHA

concentrations which decreases viscosity and
increases the density of it. The fuel economy and
engine emissions reported higher BSFC and NOx
emission, but at the same time there is reduction
in HC and CO emissions for Biodiesel 20%
blend fuel against the neat diesel fuel engine run
for long period.

Reddy et al., [26], researcher investigate the
wear physiognomies of fuel injection equipment
components when diesel engine is run on the
biodiesel from Karanja oil. Experiment is carried
out for the 250hrs and using three fuels viz.
neat diesel and neat Karanja oil biodiesel
(KOME100) and Straight Vegetable (Karanja) Oil
(KO100). During this study, researchers analyze
wear rate, dimensional deviations, weight
reduction and surface quality of different
components like, fuel injector nozzle needle,
plunger, valve etc. from the outcome of the study,

researcher concluded that, SVO (KO100) reported
minimum wear rate followed by KOME100 and
Diesel, this is mainly due to mechanical and
thermal stresses induced and secondarily due
to fuel causing chemical itching of the material.
And the surface quality analyze under Optical
Microscopy at zoom of 100x, 200x and 500x,
from which it is concluded that KO100 gives
best lubricity and minimum surface quality
distortion. Weight loss analysis reported that the
components like nozzle needle, plunger, valve
etc. shows minimum reduction in weight as
improved lubricity with biodiesel as compared to
neat diesel fuel.

Few researchers only reported the durability
of engine and fuel supply system components,
as it required more time and costly than
other experimental investigation like engine
power, economy, performance and emission
characteristics etc.

For durability test when engine is fuel with
biodiesel and its blends, mainly focused on
the carbon deposition on piston, combustion
chamber, valves and fuel injectors, engine wear
of piston rings, cylinder liner injector valves
and valve seat and clogging of fuel injector nozzle
and plugging of fuel filters etc.

Many researchers agree to use of biodiesel
reduces wear as biodiesel itself act as lubricants
and its blend improve the lubricity of the test fuel
but some found the negative trend of wear for
selected biodiesel, carbon deposits found to be
lower by many researchers when engine run with
biodiesel and its blends. Jinlin et al., [8].

5. Biodiesel and Oxidation Stability

Vegetable oil and biodiesel use most commonly
depends on the various properties, but for the
prolong use the most important property is its
stability, which shows the ability of the biodiesel
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to degradation. In oil stability mainly there are
three kind, Storage stability, Thermal stability and
most significant Oxidation stability. The vegetable
oil biodiesels are more prone to degradation
due to thermal-oxidative  decomposition,
contamination due to outside particles
and impurities, oxidation and hydrolysis all
these contamination, which change biodiesel
properties and hamper the engine performance
characteristics. The byproduct formed during
oxidation of biodiesel decomposition pay
deposition formation in storage container, fuel
supply system, fuel filters. Oxidation products
of biodiesel are the outcome from the initial
accumulation of Hydroperoxides which finally
polymerize and form the unsolvable residues that
prone to plugging filters, fouling injectors, and
degrading engine performance. The polymerization
reaction also increase the viscosity of the biodiesel
and oxidation to very high levels results in
separation of two phases which causes problem of
fuel pump and fuel injector operation. Oxidation
of biodiesel is unavoidable but using antioxidants
one can minimize the rate of oxidation. Mohamed
et al., [27], Harrison [28] and Rizwanul et al., [29].

Mohamed et al., [27] and Rizwanul et al., [29], has
investigate the effect of antioxidants, pyrogallo
(PY), propyl gallate (Pg), tert-butyl-hydroxy-
quinone (tbhq), butylated hydroxyl-toluene
(BHT), butylated hydroxyl-anisole (BHA) for the
biodiesel produced from calophyllum inophyllum.
Researcher found that for biodiesel blend B20,
oxidation stability using antioxidants tert-butyl-
hydroxy-quinone increase from 48.74 hrs to
65.53 hrs.

Biodiesel have inherent properties of oxidizes
with time when exposed to air. There are many
factors which play role in the oxidation process
of biodiesel like structure of fatty acid, presence
of certain metals which accelerate degradation
of biodiesel, higher temperature, extraneous
materials, peroxides, light or pressure and
antioxidants as well as the surface area of
biodiesel exposed to air. Mohamed et al., [27] and
Kumar et al., [30]. The change in properties of
biodiesel due to oxidation result in formation of
gums that clog the filters and injection systems
and the presence of hydro-peroxides along with
carboxylic acids may corrodes the fuel system.
Also oxidation reduces the lubricity of the
biodiesel which then causes high wear rate of
respective sliding parts. Kumar et al., [30] and
Pullen [32]. The changes in composition of
biodiesel which includes alteration of acid value,
density, viscosity, peroxide value, flash point etc.

due to oxidation of biodiesel are responsible
for change the chemical properties which then
influence in degrading engine performance and
emissions, oxidized biodiesel reported 1.2%
higher BSFC as compared to un-oxidized biodiesel
also shows higher NOx emission and lower
heating value of fuel. Mohamed et al., [27],
Harrison [28] and Kumar et al., [30].

Ramalingam et al., [31], conducted as study of
oxidation stability and engine emissions for the
B20 fuel blend of Calophyllum oil biodiesel with
the various proportions of leaf extract additives.
Researcher conducted experiment with the Neat
B20 blend and B20 blends with 0.5%, 1% and
1.5% of additive extracted from calophyllum
leaf. Findings of the study were, the NOx and
smoke emission level are reduced for the
additive B20 blends as compared to neat B20
blend and with more additive % there is more
reduction observed. CO and HC emissions found
to be increased with increase in additive %, but
reported lower than that of diesel fuel. Researcher
suggested to leaf extract of calophyllum as additive
was may use as renewable replacement for
synthetic fuel additives.

6. Conclusion

From the critical review of the avilable litearatures
on performance of biodiesel, oxidation stability,
fouling, and emmision characteristics. The
following conclusions were arrived;

1. The average 250 lacks vehicles have been
delivered in last five years in india. Therefore,
switching to e-vehicles is not feasible option
in existing senario as it demands additional
50 GWH energy by the year 2025.

2. Most commonly NOx emission was increased
with the use of biodiesel, result due to changes
in spray pattern.

3. CO emissions reduced with biodiesel and
its blends mainly due to lower carbon to
hydrogen ratio of biodiesel.

4. Emission level of HC is reduced with increased
in biodiesel blend, as the feedstock of
biodiesel having different chain length or
saturation level.

5. CO, emission reduces for biodiesel as a result
of low carbon to hydrogen ratio, also overall
the CO, emission of biodiesel shows reduces
greatly from the view of life cycle circulation.

6. The engine durability in general main focus on
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carbon deposits, engine wear and problems
in the fuel supply system, was observed and
enhanced with biodiesel in comparison to
conventional fuel system.

7. The inherent properties of biodiesel is to get
oxidize with time in the presence of air, using
Tert - Butyl - Hydroxy - Quinone anitoxidants
shows improvement in oxidation stability.
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