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1. INTRODUCTION

The usage of energy all around the world is always going up. Because of their limited supply and
detrimental effects on the environment [1], [2], it is no longer an option to depend on fossil fuel-derived energy
or petroleum to power our homes and businesses. In addition, energy sources based on fossil fuels produce a
great deal of pollution and contribute to the intensification of carbon emissions, both of which contribute to
global warming and ozone depletion. As a result of this, there has been a growing desire for alternative sources
that are based on renewable resources for applications in the real world [3], [4]. Biomass is the most robust and
resilient of the renewable energy sources now accessible, and its consequences are far less severe than those of
fossil fuels. In addition, it is the most common since it is responsible for eighty percent of the renewable energy
that is created all over the globe, particularly for the purposes of transportation, heating, and power generating.
Ethanol (E) use has increased recently [5], [6], waste cooking oil (W) [7], [8], and plastics oil (P) [9], [10] to
make compression ignition (CI) engine fuels. This is due to the fact that it is regarded as the disposal method
that generates the least amount of pollution for ‘W’ and because it promotes energy variety and circular bio-
economy.

The impact of pine oil biofuel combined with base fuel of diesel at change in injection parameter and
loads for P30 mixture has been explored by [11]. Chen et al. [11] discovered that increasing the injection
pressure led to an increase in brake thermal efficiency (BTE) levels. The greatest BTE that can be reached with
P30 fuel is 26.1% when it is compressed to 350 pressure, which is 6.9% more than the BTE that can be achieved
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with diesel when compressed to 200 bar. Because of the increased atomization of the fuel, the quicker
evaporation, and the production of the better air fuel combination, the exhaust emissions of hydrocarbons (HC),
carbon monoxide (CO) and smoke steadily reduced as the fuel injection pressure was raised. The P30 blend
reduces CO and HC emissions by 16.6% and 13.1% at 300 bar compared to pure diesel at 200 bar. This decrease
occurs at 100% load state. When compared to that of diesel at 200 pressure, the NOx produced by P30 mix at
350 bar is about 9.4% more than that produced by diesel. Han et al. [12] show how the spray properties and
atomization of the fuel are affected by the injection pressure at 180-240 MPa, respectively. The engine's
characteristics are improved by 240 MPa when the injection pressure is set to its optimal level. At an injection
pressure of 240 MPa, the B30 demonstrated much lower emissions than both the B10 and the B20. Wang et al.
[13] describes the influence of injection pressure (four bars, six bars, eight bars, ten bars, and twelve bars) on
the spray properties by utilising a B20 blend of palm oil biofuel and diesel. According to the findings that they
obtained, decreasing the droplet size of the fuel mixture lowered the rise in injection pressure as well as the
emissions of CO and soot particles. Even at high pressures of injection, the concentration of nitrogen oxide
(NOx) emissions is less than the acceptable value, despite the fact that pressure of injection increases the
amount of NOx that is emitted.

In their research, Sung et al. [14] conducted a study on the impact of modifying the spray
characteristics, particle size, and number distribution of moringa oleifera biofuel and its blends. This
investigation was carried out using a common rail direct injection (CRDI) engine, with fuel injection pressures
ranging from 300 to 600 bar and injection timings from 15.0 to 25.0 °CA before top dead center (TDC).
Modifying the ranges of the two parameters. The injection timings were modified from 15.0 to 25.0 °CA before
TDC. The use of higher injection pressure and earlier fuel injection led to a BTE of 33.49% for B20. The
carbon monoxide emission of pure biodiesel was found to be at a minimum level of 0.01% volume, while the
carbon dioxide (CO,) emission reached a maximum level of 9.1% volume. Additionally, the emission of
unburnt hydrocarbons was observed to be at a minimum level of 3 parts per million (ppm). In their study,
Mehta et al. [15] conducted experiments on fuel blends consisting of waste cooking oil biodiesel (WOB),
multi-walled carbon nanotubes (MWCNTS), aluminium oxide nanoparticles, and a base fuel. These
experiments were carried out on a 5.2 kW CI engine, with a fixed rotational speed. The engine operated with
a compression ratio of 17:1 and a fuel injection pressure of 175 bar. The nano-fuel composed of biodiesel
which was produced from waste cooking oil (BWCO)/50 aluminium oxide nanoparticles (AONP)+50
MWCNT exhibited satisfactory performance. The BTE was measured to be 30.65%. The in-cylinder pressure
was recorded at 58.36 bar, and the heat release rate was determined to be 38.38 JJCAD, with a minimum
ignition delay (ID) of 9 CAD. The levels of NOx emissions were found to be 954 ppm, while CO emissions
were measured at 332 ppm. Additionally, the smoke opacity was observed to be 31.2% lower than the baseline
measurement. Zhang et al. [16], Lajunen et al. [17], Sangwongwanich et al. [18] and Berruti et al. [19]
conducted research on the impact of fuel mixtures containing waste vegetable oil blend (WOB) on engine
performance parameters, including BTE, pressure, heat release rate, ignition delay, smoke emission, NOx
emissions, carbon monoxide (CO) emissions, and hydrocarbon (HC) emissions. The researchers made the
observation that the use of the WOB combination resulted in enhanced performance characteristics,
concurrently leading to a reduction in emissions emanating from the engine.

The works that have been reported on have shown both how dangerous plastic trash is and how it
could be used in internal combustion (IC) engines. So, the present study suggested using 20% of waste plastics,
20% of waste cooking oil, and 20% of ethanol in an internal combustion engine with constant injection
parameters (pressure and timing of injection, diameter of nozzle, and spray angle) and different engine loads.
The new things about this study can be summed up as follows: i) the use of 20% of waste plastics (P20)
prepared from waste plastics, ii) the use of 20% of waste cooking oil (W20) prepared from wastes oils, iii) the
use of 20% of ethanol (E20), iv) investigates the properties of fuel mixture, and v) changes in engine loads to
evaluate performance and environmental parameters and also test engine speed. Also, before P, W, and E in
IC engine were looked into, it was tried to see what it was like. Rank the different engine settings using
sensitivity analysis to see how well they work.

2. PRODUCTION OF WASTE PLASTIC OIL BIOFUEL AND TEST RING
2.1. Production of waste cooking oil biofuel

Palm oil, sunflower oil, mustard oil, and soya oil were chosen as the oils to compare and contrast in
this inquiry because of the breadth of fatty acid profiles that each offers and the adaptability that each offers in
the kitchen. There is a market in the city of Chidambaram, which is situated in the state of Tamil Nadu in India;
here is where the oils were acquired. The manufacturing of biofuel required the use of alcohol as well as
potassium hydroxide. Utilised cooking oils were melted down and utilised in the process. Through a chemical
process known as transesterification as shown in Figure 1 is used cooking oils might be transformed into waste
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cooking oil biofuel (also known as W) [20]-[24]. Before starting the process of transesterification, the W
samples were filtered to remove any contaminants that could have been present. This was done so that the
procedure could commence. Consideration of 20% ethanol and waste plastics oil biofuel, in addition to
comparison to base fuel, is included in this research. Table 1 contains an overview of the various qualities of
the fuel and fuel sample in Figure 2.

I I
CH2—0—C— R1 CH3—O—C— R1

9 Catalyst ICI) ?HZ—OH
CH—O0—C—R2 + 3CH30H CH3—0—C—R2 + CH—OH
ﬂ CH2— OH
I
CH2—0—C—R3 CH3—O—C—R3
Triglyceride Methanol Mixture of Fatty Esters Glycerol
Figure 1. Transesterification
BF80P20 BFS8OWOB20 BFSOE2

Figure 2. Sample of P20, W20 and E20

Table 1. The properties of blends
Property  Density (kg/m3) at 15 °C  Flash point (°C)  Calorific value (MJ/kg)  Viscosity (mm2/s) at 40 °C  Cetane number

BF100 838.0 61.2 45.5 3.8 45
W20 849.5 52.6 44.6 3.59 52.9
E20 824.1 - 40.49 2.45 494
P20 850 52.6 44.6 34 52.8

2.2. Experimental test ring

The manner in which the apparatus used in this investigation was assembled and arranged is seen in
Figure 3. The engine subjected to rigorous testing was a diesel unit with a single cylinder, equipped with both
direct injection and a common-rail injection system. Table 2 provides a comprehensive overview of the
objectives and functioning of each engine. Table 3 presents a detailed overview of the many types of
measurement equipment, their respective ranges, accuracies, techniques, and the corresponding percentages of
error. The engine functions at its peak load and power output of 3.5 kW, while the common-rail injection
technology it employs runs at a maximum injection pressure of 230 bar. Prior to any alterations, each test was
conducted with the test engine in its initial condition. The engine of this test car meets the requirements of the
Euro 4 emission standard with regards to its fuel pumping technology. The used test engine incorporates a pilot
injection technique, a commonly utilised technology in diesel engines with indirect injection, aimed at
mitigating the noise generated during the combustion process. The engine initiated pilot fuel injection (SOI) at
a crank angle of 24.0 degrees before TDC. The first combustion pressure peak is expected to manifest in close
proximity to the TDC and align with the pilot injection event. The shown waveform of the combustion pressure
signal exhibits the occurrence of primary injection. In order to conduct this analysis, the full-load curve was
used as a means to assess the precision of the engine's configuration. To get a comprehensive understanding of
the influence of different fuel compositions on the operational characteristics of the engine, it is essential to
conduct engine tests under conditions of maximum load. The reason for this phenomenon is that engines exhibit
the highest fuel consumption while running at their maximum power output, also known as full load.
Furthermore, it is worth noting that the engine's speed exhibits a fluctuation of 200 revolutions per minute
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(rpm) within the range of 1,500 to 2,100 rpm. The selection of these three levels of engine speed at full load
was based on their ability to effectively illustrate a wide range of the engine's operating capacities. In order to
ascertain the torque and stopping power of the engine under full load conditions, an eddy current dynamometer
was used. During this time frame, a gas analyzer was used to ascertain the volumes of different waste gases
being breathed. The gas analyzers used in this study included the AVL as well as the engine gaseous emissions
and smoke emissions, which were quantified using a smoke metre.
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Figure 3. Test setup

Table 2. Provisions of assessment machine
Specification  Stroke/cylinder  Advanced FIP and IT Rated power  Bore/stroke  Compression ratio
Limits 4/1 230 higher and 2.0 °b TDC 3.5 kw 80/110 19:1

2.3. Experimental error analysis

The findings of an uncertainty analysis are highly significant for scientific investigations since they
inform the readers whether or not the data they were provided were accurate and whether or not they could be
utilised again. Hence, the determination of the overall uncertainty value of the results is achieved by the
application of the following (1) [25], [26] and the information that is shown in Table 3. The explanation of
the markings may be found in the section of the book that is devoted to the names. A smoke metre was
connected to the engine in order to measure the engine's gaseous emissions, and the smoke metre was used in
order to measure the engine smoke releases. The equation states that the total amount of error that is
conceivable is 2.36%.

90 =[(@)?+ (@) eeeeenn +(ay)?]12 O

Table 3. Uncertainity

Apparatus Uncertainty (%)
Encoder +0.20
Fuel measurements +1.0
Load cell +0.20
CO2 emission +1.0
NOx emission +1.0
Pressure tranducer +0.50
Speed indicator +1.0
Smoke +1.0
K-type (temperature) +0.5

3. RESULTS AND DISCUSSION
3.1. Specific fuel consumption

Figure 4 illustrates the specific fuel consumption (SFC) figures corresponding to various injection
timings during the operation of the engine under full load circumstances. When the engine was running under
maximum load conditions, it was observed that the SFC values for W20 were comparatively greater than BFO
and P20, but lower than E20. The SFC values for BF0, E20, P20, and W20 were determined to be 0.26, 0.28,
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0.262, and 0.273 kg/kWh, respectively, under 100% load operating conditions. Furthermore, when the injection
time was adjusted at 23.5° b TDC, the SFC for W20 was found to be 4.7% higher than that of FBO. Due to its
lower heating value in comparison to conventional fossil fuels, biodiesel need a greater quantity of fuel to
provide an equivalent level of thermal energy. This contributes to an increase in the concentration of the SFC,
which is classified as a greenhouse gas. The significance of the SFC is enhanced when there is an increased
abundance of each constituent inside the amalgamation. The research demonstrates that an increase in load,
coupled with appropriate ignition, results in a decrease in SFC concentration in comparison to diesel. This
behaviour is not seen in the case of diesel fuel. Anather contributing factor to the rise in SFC with higher
percentages of biodiesel is the higher density of biodiesel fuel compared to petrol fuel [27], [28]. The increase
in the SFC is seen when there exists a positive link between the proportion of biodiesel used and the quantity
of biodiesel employed. The enhancement in fuel efficiency during full engine operation was attributed to the
rise in temperature inside the cylinder, along with an augmentation in the quantity of oxygen present in the
mixture [29].
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Figure 4. SFC with load

3.2. Brake thermal efficiency

Figure 5 shows BTE results for various injection times. BTE is the ratio of engine power to fuel energy
pumped into the combustion chamber. The fuel's energy is calculated using its mass flow rate and lower heating
value. The combustion cylinder had reduced fuel atomization, which improved BTE for biodiesel. Diesel is
less viscous than biodiesel [30], which may explain this. Diesel is thinner than biodiesel. Blended fuels have a
slightly lower BTE and higher BSFC than diesel fuel due to biodiesel's higher density and lower heating value.
Because mixed fuels include more biodiesel [31], [32]. Figure 5 illustrates the BTE of the various petrol
mixtures that were tested for a selection of different engine loads. The determination of the braking energy
transfer efficiency, often referred to as the BTE, involves calculating the ratio between the braking power and
the heat equivalent of the burned petrol. The aforementioned ratio is often referred to as the BTE, an acronym
for "back to earth." The BTE for all fuel mixtures exhibited a lower average value compared to diesel fuel,
perhaps due to the decreased energy content of the fuel blends. When doing a comparison between BF0, W20,
P20, and E20 under full load conditions, it is seen that the BTE values for W20, P20, and E20 are lower by
2.1%, 4.2%, and 2.1% respectively, in comparison to BF0. This comparison is made at 100% load at an
injection time of 23.5 °b TDC. Both of these numbers have the same characteristics. The fuel combustion
efficiency of the mixtures was enhanced during full load operation of the engine, owing to an increase in
cylinder temperature and the concentration of oxygen in the intake. Consequently, it had a favourable impact
on BTE and enhanced the efficiency of combustion. At elevated engine loads, the rise in in-cylinder
temperature and the rate at which heat is released resulted in an increase in BTE ranging from 15.7% to 32.4%
for BFO, 15.5% to 31.7% for E20, 16.5% to 31.1% for P20, and 14.1% to 31.78% for W20, across load
conditions ranging from 25% to 100%.
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Figure 5. BTE with load

3.3. Cylinder pressure

Figure 6 depicts a graph of the cylinder pressure at the specified engine fuel-injection pump (FIP) for
all of the fuels that were tested. The range of the curve is from 210 to 240 bar. Because of the high heat that is
generated inside the cylinder, the cylinder peak pressure has a tendency to rise while the engine FIP rises. This
is because of the relationship between the two variables. At 240 bar FIP, the peak pressure of W20, P20, and
E20 reaches its highest value of 106, 86, and 119 bar, respectively. This is comparable to the peak pressure of
diesel fuel (BFO0), which is 122 bar at CR19 and 23.5 °b TDC when the fuel load condition is present. The
surplus of oxygen sharing in W may be used to explain the increases in cylinder pressure that were seen in
W20. An excessive amount of oxygen in the W at a low W share is what causes high cylinder and peak pressure
during the diesel combustion process. This, in turn, has a negative impact on the engine's efficiency and the
amount of emissions it produces. In point of fact, a greater CV often causes more wear and tear to be placed
on the components of the engine [33]. The graphical representation in Figure 5 illustrates the correlation
between crank angle and cylinder pressure for each of the experimental fuels. The aforementioned correlation
can be seen for all of the experimental fuels. When the engine reached its maximum capacity, the BF100, W20,
P20, and E20 all exhibited a consistent pressure pattern inside their individual cylinders. It is plausible that the
engine's operation at maximum capacity may be attributed to the elevated viscosity of the fuel, its high latent
heat of evaporation, and its suboptimal igniting properties [34], [35].
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Figure 6. Cylinder pressure with crank angle
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3.4. Ignition delay

Figure 7 depicts the ID of all the fuel samples at varying loads. The ID is shown for each of the test
fuels in Figure 7, which may be found here. When the engines were filled to their full capacity, the ID readings
all followed the same pattern. The graph shows that the engine ID drops as the load on the engine increases
from 25% to 100%, and that the ID drops even more once E20, P20, and W20 are added. The E20 fuel has a
somewhat lower heating value than P20, W20, and BFO, which results in a lower cylinder pressure and an even
lower ID than those other fuels. When run at 1500 rpm, the BFO reaches its maximum ID of 15.1 degrees,
which is about 71%, 10.6%, and 39% higher than the E20, P20, and W20, respectively. The drop in the value
of ID for mixes may be attributed to the fact that BF has a lower cetane number value than E20, P20, and W20
biofuel blends combined. Dong et al. [33] On the other hand, a greater cetane number indicates a shorter
ignition delay, which indicates that there is less time for the air and fuel to combine before the premixed burning
phase takes place. As a consequence of this, a weaker mixture would be formed and burnt during the period of
premixed burning, which would result in a decrease in the production of NOx. Li et al. [36] there is a correlation
between the chemical and physical qualities of the fuel and the igniting delay time. Because higher injection
pressure results in better atomization properties, it may be possible to reduce the ignition delay by increasing
the pressure. However, even though increasing the fraction of n-butanol enhances the atomization features, the
ignition time is lengthened because of the larger cetane number. In addition to this, the ignition point might be
found anywhere in the gasoline sprays farther downstream. Additionally, the ignition distance grows if either
the injection pressure or the fraction of n-butanol rises.
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Figure 7. ID with load

3.5. Nitrogen oxides emission

Figure 8 shows the range of NOx emissions that can be made by changing the pumping time when
using base fuel or biofuel. When the engines were running at full power with 1,500 rpm and CR19, the NOx
emissions from BF0, E20, P20, and W20 all followed the same trend. BFO has NOx levels of 217, 1,297, 3,036,
and 3,372 ppm, while E20 has NOx levels of 644, 2,021, 3,265, and 3,630 ppm, for P20 has NOx levels of
163, 865, 1,262 and 2,031 ppm and W20 has NOx levels of 372, 1,627, 1,763, and 2,776 ppm with 25%, 50%,
75%, load 100% load respectively at 1,500 rpm and CR19. NOx are an emission product that should be avoided
at all costs because of the danger it poses to humans and the environment. They are released during fuel
combustion, in particular at high combustion temperatures. Nitric oxide, often known as NO, is the major
component that contributes to the formation of NOx, along with a little amount of nitrogen dioxide (NOZ2) [33].
Pan et al. [37] observed that the rise in combustion temperature with the addition of hydrogen, as the
combustion process in the ClI engines happens at high oxygen levels, there may be a propensity for the NOx
emissions to increase. One possible reason for this is that the temperature in the W is lower. When certain
working conditions are met, like the air-to-fuel ratio, NOx emissions tend to go up as the combustion
temperature goes up and the spark time moves the cetane number up [38]. There is a trend here that can be
seen in some situations.
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Figure 8. Engine NOx emission with loads

3.6. Smoke emission

By using fuels with high volatilities, it is feasible to effectively reduce the quantity of smoke
discharged at early injection timings. The dominating factor in reducing smoke emissions via the use of fuel
blends was the oxygenated content, particularly when the diesel energy ratio was increased. Conversely, the
effect of fuel volatilities became more significant when the diesel energy ratio was decreased [39]. Both fuel
composition and engine load were factors that led to the observed increase in smoke emissions from the
engines. As the volume of entering fuel climbed in tandem with the augmented load, the provision of sufficient
air became insufficient. Consequently, the quantity of smoke generated due to the enriched mixture likewise
proportionally escalated [40], [41]. The range of hot soak loss (HSL) emissions obtained by altering the
injection period for base fuel and biodiesel processes is shown in Figure 9. When the engines were filled to
their utmost capacity, the smoke emission patterns generated by BFO, E20, P20, and W20 were
indistinguishable. In comparison to the smoke emission levels of BFO (11.8, 12.0, 17.2, and 36.9 HSL), the
smoke emission levels of E20 (1.28, 1.2, 9.3, and 22.7 HSL), P20 (14.8, 17.62, 38.0, and 45.9 HSL)), and W20
(10.1, 16.6, 20.7, and 43.1 HSL) were examined at 23.5 °b TDC and 25% to 100% load with CR19.
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Figure 9. HSL emission with load
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3.7. Carbon dioxide emission

According to Figure 10, the combination of E20 and BFO produces the fewest amount of CO;
emissions of any of the other options. Because biodiesel contains oxygen, carbon monoxide is transformed into
carbon dioxide, and the fuel is burned to its full extent. The high cetane number in biodiesel blends is also
responsible for the decreased formation in rich fuel, which was reported in [42]-[44]. The production of heat
and the emission of carbon dioxide both stem from the incomplete combustion that had transpired. When
comparing P20 to BFO, E20, and W20, the carbon dioxide emission from the P20 combination is greater by
24.0%. This is also true when comparing P20 to E20 and W20. PPO has a greater availability of oxygenated
molecules, which is one of the reasons why its CO2 emission is higher than diesel. This higher CO; emission
results in enhanced combustion at higher loads and has a higher emission rate overall compared to diesel [45].
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Figure 10. CO; emission with load

4. CONCLUSION

Provide densities and flash points of biodiesels produced with greater concentrations of W are well
within the limits put forth by the specifications for biodiesel. When compared to the calorific value of base
fuel, the calorific value of biodiesels made from waste oil is somewhat lower. This is due to the fact that waste
oil may be used to create biodiesels. According to the findings of the engine research, BFO has showed greater
cylinder pressures in the same range as diesel in the combustion stage, but it has also shown a larger BTE in
comparison to E20, P20, and W20 while having a lower SFC than E20, P20, and W20. When compared to the
quantity that is decided by BFO, the value of BTE that is determined by W is much less than what is found to
be the case. It has been discovered that the levels of NOx generated by W20 and P20 at 23.5 °b TDC with
100% load are 17.6% and 39.7% lower, respectively, than the levels produced by BFO with CR19. The
maximum cylinder pressure of E20 (119.6 bar), P20 (86.3 bar), and W20 (106.8 bar) with 100% load is shown
to be lowered by 2.3%, 41.9%, 12.8%, respectively, when compared to BFO (122.5 bar). The results (P20 and
W?20) showed significantly greater levels of smoke emissions in comparison to the manufacture of BFO, whilst
E20 showed much lower levels. When compared to the basic fuel, one may notice considerable variances in
the quantity of NOx emissions that are created. This may be the case since NOXx is a highly reactive gas.
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