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Abstract: The present work deals with the optimization of the process parameters of in situ transesteri-
fication of dry spirogyra Algae–Jatropha powder along with engine efficiency and combustion analysis
of the prepared biofuel. Three operational parameters, namely catalyst concentration (0–5 wt.%),
methanol to dry algae–Jatropha curcas powder (v/v) (20–60%), and reaction time (60–180 min) at a
constant reaction temperature of 50 ◦C, were selected. Response surface methodology (RSM) was used
to design the experiments. The maximum biodiesel yield of 88.5% was obtained under the optimized
conditions of a catalyst concentration of 3.396% (w/w), methanol/oil ratio of 19.86, and reaction time
of 180 min. At varying loads, the performance and emissions of a diesel engine linked to a power
source and fueled with various biodiesel mixes (Diesel, B5, B10, and B20) were tested. It was found that
BSFC decreased as the applied load increased for all of the evaluated fuels. All of the biodiesel blends
had greater BSFC than the diesel fuel. However, a substantial decrease in the emissions, including
hydrocarbon (HC) and carbon monoxide (CO), was observed with the increase in NOx emissions. This
method of preparing biodiesel will be beneficial in order to cater to the needs of the transportation
sector because it has a lower energy consumption and less engine emissions.

Keywords: biodiesel; engine performance; emissions; algae; jatropha; transesterification

1. Introduction

Industrialization, growing populations, and global economic expansion all contribute
to the rapid increase in fossil fuel usage. Alternative energies, including solar, wind,
geothermal, and biomass, are available and are being considered [1–4]. Hydrocarbon
fuel is the primary source of energy for the world economy. Diesel will certainly account
for roughly 60% of the energy increase in 2035, which will be over 80% of the entire
energy supply. In future years, it is anticipated that the energy landscape will continue
to improve [5–8]. Rapid depletion of fossil fuels and pollution as a result of the Paris
Climate Change Agreement have prompted scientists and researchers to develop green
alternative fuels capable of meeting the energy demand in a sustainable manner. In the
past few decades, oxygenated liquid fuels have shown an acceptable performance, as
well as preventing pollution in the environment [9]. There are various oxygenated fuels
such as alcohols, biodiesel, and bio-oil that are given more emphasis nowadays due to
their promising results [10,11]. Among the alternatives, biodiesel has been shown to be a
good substitute for petrochemical diesel in compression ignition engines [12]. The primary
advantages of biodiesel are that it is recyclable, reusable, carbon neutral, and it emits
no dangerous toxins [13]. Biodiesel is an oxygenated fuel. Triglycerides react with low-
molecular alcohols (often methanol) in the presence of a catalyst to produce alkyl ester and
glycerol as byproducts, known as transesterification [14].

The chemical constituents of biofuel, which include saturated and unsaturated fatty
acids, have a significant impact on the fuel properties [15]. High-saturated fatty acid fuels
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have a strong oxidation stability but poor cold flow qualities, whereas high-unsaturated
fatty acid fuels with double or triple carbon–carbon bonds have acceptable cold flow
capabilities, but poor oxidation stability [16,17]. Oxidation stability refers to the oxidation-
resisting tendency of a fuel that occurs during storage. The occurrence of oxidation in
biodiesel is caused by the free-radical chain reaction mechanism. The process has three
phases in an environment of heat, sunlight, residual metals, and hyper-oxides: activation,
spread, and closure. The degree of oxidation varies according to the fatty acid composition.
Poor oxidative stability results in gum formation and re-polymerization during storage.

The impact of biofuel on gasoline engine efficiency and emissions has been examined
by various researchers by integrating various engine modifications and fuel blends. A
substantial reduction in unburnt hydrocarbons (UHC), carbon monoxide (CO), and par-
ticulate matter (PM) was reported using biodiesel in IC engines [18,19]. Because of the
presence of oxygen inside gasoline, the combustion process generates high temperatures,
resulting in a modest rise in nitrogen oxides (NOx) when using biodiesel in comparison
with conventional diesel fuel [20–22].

The differences in the physicochemical properties of biofuel derived from different
feedstocks have resulted in different trends in engine characteristics [23]. Very few studies
have reported the effect of oxidatively stabilized and non-stabilized biodiesel on engine
performance and emissions. Poorly stabilized fuel results in the formation of aldehydes,
ketones, and more soluble polymers, which consequently increase the density, viscosity,
and surface tension of the fuel, thus decreasing the calorific value of the fuel [24]. Non-
edible sources that can be obtained from non-agricultural (barren) lands are considered
major sources of feedstock for biodiesel production. Jatropha curcas is the most common
and promising feedstock to meet the biodiesel demand in India due to because of its abun-
dance [25]. Liu et al. [26] reported that, upon increasing the oxidation duration of jatropha
biodiesel, CO2 and NOx emissions increased rapidly in a diesel engine. Fattah et al. [27]
studied the effect of adding antioxidants to a 20% blend of jatropha biodiesel. The re-
sults reported that BSFC and BP decreased with the antioxidants when compared with
pure 20% jatropha biodiesel. Ryu [28] conducted a study on the influence of five different
antioxidants in biodiesel on engine performance and revealed a drop in BSFC for the fuel
containing antioxidants compared with the biodiesel without antioxidants.

Jain et al. [29] studied the efficiency and exhaust emissions of oxidatively stabilized
jatropha biodiesel. Antioxidants were introduced into the jatropha biodiesel. The study
reported an increase in BSFC with and without antioxidants as time passed, but less of an
increment was found in the case where antioxidants were present. The reason for this is that
stabilized biodiesel has less BSFC compared with non-stabilized biodiesel. CO, HC, and
NOx decreased with time. Lower traces of metals in the particulate emissions and a decrease
in gaseous emissions, except for NOx, were recorded when using jatropha biodiesel in a
four-cylinder DI diesel engine [30]. Rao et al. [31] treated jatropha biodiesel with Al(OH)2
nanoparticles and water and found a significant reduction in gaseous emissions, such as
NO, CO, UHC, and others. The addition of nanoparticles increased the storage stability,
but the agglomeration of particles occurred, which deteriorated the quality of the fuel [32].
Thus, nanoparticles cannot be used as antioxidants.

From the literature review, it can be found that poor oxidation stability deteriorates
the quality of biodiesel. Long-term oxidation results in a poor engine performance and in
emissions. Various studies have previously reported that adding antioxidants to biodiesel
increased its oxidation stability. However, the use of antioxidants increased the production
cost of biodiesel. Jatropha biodiesel consists of 80% unsaturated fatty acids and 20% satu-
rated fatty acids. Sui et al. [33] reported that in jatropha biodiesel, methyl linoleate (42.21%)
is the major unsaturated fatty acid responsible for oxidation. To handle this problem,
Jatropha curcas oil was blended with algal oil and the blend was then subjected to low
temperature transesterification, and this method was proposed as it is a successful method
for handling the high unsaturation and high FFA of Jatropha curcas oil in order to make
biodiesel [7]. In view of this, in the present work, we proposed reducing the unsaturation
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of Jatropha curcas fats with the addition of highly saturated algae fats. Spirogyra algae
have been proven to be a potential third-generation feedstock for biodiesel production. The
algae consist of 41% saturated and 59% unsaturated fatty acids.

This study examined the in situ transesterification of Jatropha curcas. It is proposed
We combined the dried seed powder of Jatropha curcas with dried Spirogyra algae powder
to produce a stabilized biodiesel. As the stability of the algae biodiesel was higher than that
of the Jatropha biodiesel, the resulting biodiesel had a higher oxidation stability compared
with the pure Jatropha curcas biodiesel. The resulting highly stabilized biodiesel was used
in the engine to check the performance and emission characteristics.

2. Methods and Materials
2.1. Materials

In this study, algae (spirogyra) were gathered from the Ganga Canal close to the city of
Haridwar and Jatropha seeds were bought from the market. Chemicals such as NaOH and
methanol were procured from Vikas Scientific Works, Roorkee, India. All of the chemicals
were of analytical grade. NaOH (98% pure) was used in pellet form as a base catalyst.

2.2. Fuel Preparation

The spirogyra algae were heated in an oven at 100 ◦C to remove the moisture content
from the algae. The dry algae and jatropha seeds were crushed into powder form. A sample
of 5 mg mixture of dry algae–Jatropha powder was used in each experiment (1:1) w/w. The
in situ transesterification process was performed with the help of a biodiesel reactor, as
shown in Figure 1.
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Figure 1. Schematic of the working reactor.

The experiment included the enhancement of three processing parameters, namely the
methanol to dry-algae proportion (MDAP) (8, 14, and 20%) (w/w), acid-catalyst (H2SO4),
base-catalyst (NaOH), and catalyst concentration (CC) (0, 2.5, and 5%) (w/w) for each,
and the reaction time (RT) (60, 120, and 180 min) for the in situ transesterification of
dry algae at 50 ◦C using an RSM-based Box–Behnken configuration. Table 1 depicts the
experimental design for optimization studies of several factors in order to achieve a high
biodiesel production.

The biodiesel obtained was filtered using qualitative filter paper and distilled water
was used to remove the pollutants and glycerin and to obtain pure biodiesel. The schematic
of the bioreactor used in this study is shown in Figure 1.
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Table 1. Design of experiments for optimization studies considering different parameters.

S. No. CC (A) MDAP (B) RT (C)

1 2.5 20 180

2 2.5 8 180

3 0 14 180

4 5 14 180

5 2.5 14 120

6 0 20 120

7 5 20 120

8 0 8 120

9 2.5 14 120

10 2.5 14 120

11 5 8 120

12 0 14 60

13 2.5 8 60

14 2.5 20 60

15 5 14 60

Statistical Analysis

The examination of the connection between the independent variables and the re-
sponse yield included three steps: variance analysis (ANOVA), regression analysis, and
mapping of the response values. Design Expert 11 was utilized to assess the statistically
significant results of the entire quadratic polynomial model with a 95% confidence level
(p = 0.05). The response values of the trials were determined by the highest values for the
empirical yield%. Then, the developed model was employed for analyzing the interactive
effect of each variable. Surface regression analysis was performed using the polynomial
equation (Equation (1)):

Y = β0 + ∑k
j=1 β jXj + ∑k

j=1 β jjX2
j + ∑j−1

i=1 ∑k
i=2 βijXiXj + ε (1)

In which Y is the result (% Fatty-acid methyl ester production); i and j are the quadratic
and linear coefficient, respectively; Xi and Xj are the un-coded independent variables; ε is
the random disturbance term; k is the number of independent factors maximized in the
test, (k = 3 in this study); and β0 is the regression coefficient.

2.3. Fuel Characteristics of Biofuel Synthesized

The biofuel characteristics that were derived were measured according to the recog-
nized standards as per Table 2.

Table 2. Fuel characteristics of the prepared biofuel.

Fuel Properties Standards

Density (kg/m3) ASTM D1298
Viscosity (cst) @ 40 ◦C IS1448

Flash Point (◦C) IS1448
Calorific value (MJ/kg) ASTM D4809

Induction period EN14112



Energies 2023, 16, 1470 5 of 16

2.4. Experimental Setup

Table 3 lists the technical details of the test engine. The engine was coupled to a
KBM-102 2 kVA single-phase synchronous machine. A resistive load panel with a voltmeter,
ammeter, wattmeter, and energy meter was manufactured. This panel’s load capacity was
maintained at 2 kW. The unit for measuring fuel was a graded clear glass cylinder. The
bottom end of the cylinder was equipped with a stopcock, but the top end was open. A
PVC pipe was used to link the stopcock’s output to the diesel engine’s filter unit. The
HC, CO, NOx, and O2 tailpipe emissions were measured using a technique developed
by FMTechnologies. The experimental engine configuration is seen in Figure 2 and the
engine’s geometric characteristics are listed in Table 3.

Table 3. Specific technical characteristics of the testing apparatus.

Engine Variables Specifications

Supplier Kirloskar Oil Engines Ltd., Pune, India

Engine type AA35 single-cylinder, vertical, 4 stroke, single
acting high-speed CI-diesel engine

Bore 30.00 mm
Stroke 76.00 mm

CC 0.3820 L
CR 15.60:1

Constant Speed 1500 rpm
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2.5. Experimental-Test Procedure

In the present investigation, B5, B10, and B20 blended fuels were examined under
various engine loads ranging from 0% to 100% load with a 25% load interval. All of the
mixtures were evaluated under identical conditions, ranging from no load to full load,
at a constant speed of 1500 rpm. The diesel fuel was purchased from a gas station in
Roorkee. The biodiesel’s effects on the engine characteristics were compared to those of
pure diesel. Table 4 summarizes the typical fuel parameters of the diesel and biodiesel
mixtures. Throughout the warm-up phase, diesel fuel was used at a steady speed and
50% load. In addition, adequate time was allowed for the engine to utilize the existing
diesel in the fuel delivery system before testing additional fuel.
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Table 4. Fuel properties of the fuel used.

Fuel Properties Diesel B5 B10 B20

Density (kg/m3) @ 40 ◦C 0.834 0.836 0.839 0.844
Viscosity (cst) @ 40 ◦C 3.21 3.25 3.29 3.37

Flash Point (◦C) 76 78 80 85
CV (MJ/kg) 44.50 44.375 44.25 44.0

3. Results and Discussion
3.1. Transesterification Process

In the procedure of transesterification, two distinct response yields were achieved,
namely the experimental value and the projected value. The experimental yield was de-
termined by executing 15 separate tests, whereas the projected yield was determined by
employing RSM. These two response yields are expressed as a percentage, and the three
independent process variables (A) catalyst concentration (CC), (B) methanol to dry algae
ratio (MDAR), and (C) reaction time (RT) are listed in Table 5. Using multiple regression
analysis on the experimental response, the connection between the experimental response
and the input parameters was described using second-order polynomial equations contain-
ing interaction terms. The complete models developed in coded factors are represented by
Equation (2).

Yield % = 156.51023 + 20.38367 × A − 2.96322 × B − 2.13976 × C − 0.477667 × A × B + 0.117767 × A × C +
0.031549 × B × C − 5.61447 × A2 + 0.060197 × B2 + 0.006030 × C2 (2)

where A is RT, B is MDAR, and C is CC.

Table 5. Responses for transesterification of the blend (waste cooking oil + algae oil).

S. No. CC (A) MDAR (B) RT (C) Yield

1 2.5 20 180 87.56

2 2.5 8 180 40.2

3 0 14 180 22.51

4 5 14 180 58.6

5 2.5 14 120 45.2

6 0 20 120 23.65

7 5 20 120 6.12

8 0 8 120 2.43

9 2.5 14 120 46.29

10 2.5 14 120 41.63

11 5 8 120 13.56

12 0 14 60 38.69

13 2.5 8 60 71.63

14 2.5 20 60 73.56

15 5 14 60 4.12

A graph was plotted between the predicted value and the actual value of the response
yield (%), as shown in Figure 3. The graph shows that the predicted values around the
zero-error line were scattered at lower values of yield, with some of the points with higher
yield values being near to the experimental values. Therefore, this confirms the reliability
of the model developed in order to set up a correlation between the response yield of the
oil blend and the three independent process variables.
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3.2. ANOVA

The analysis of variance (ANOVA) provides the most reliable approach for measuring
the precision of prepared trials and models. Table 6 shows the analysis of variance of the
experimental study performed here. The quadratic model that was formed was analyzed
using RSM. The model was found to be significant and the lack of fit was insignificant.
The appropriateness of the model was evaluated further by calculating the correlation
coefficient (R2). Specifically, a model was appropriate if the regression coefficient was
greater than 0.95, indicating that the model could explain up to 95% of the data variability.
A R2 score of 0.99 indicated that the anticipated and experimental results were in excellent
agreement. In addition, the projected R2 and corrected R2 values agreed rather well.

Table 6. Assessment of the RSM model.

S.No. Variable Values

1. Model Significant
2. Lack of fit Non-Significant
3. R2 0.99
4. Adjusted R2 0.97
5. Predicted R2 0.90

3.3. Influence of Processing Parameters on Output

Referring to Figure 4, this is a perturbation plot of the biodiesel yield concerning
the process variables, i.e., catalyst concentration (B), methanol/dry powder ratio (C), and
reaction time on the yield percentage of the biodiesel. It was found that the yields first
rose quickly with an increase in the amount of catalyst and then began to decrease beyond
the increased yield point. It could be that the increased amount of catalyst accelerated the
reaction of triglycerides, thereby increasing the biofuel production. Because of an increase
in the exchange rate of fatty acids as the reaction time increased, the yields rose and then
fell after a certain value. As the transesterification reaction could be reversed, more alcohol
needed to be injected to guarantee that all of the triglycerides were converted. Thus, the
production of biofuel grew as the amount of methanol increased.
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3.4. Effect of Reaction Parameters on Yield%

Using a modest ellipse inside the contour graphic, software design expert 11 assisted
in obtaining the expected output. Using two variables simultaneously, the maximum-yield
3D response curves were produced. The variables in the process were A, B, and C.

The figure shows a response surface representation of the yield versus methanol/dry
powder ratio and catalyst. It is represented as process variables “A and B”. It was discov-
ered that the yield of the biofuel was affected by two process variables: the methanol/dry
powder ratio and the catalyst. The conclusion suggests that the yield of the biofuel grew
when the “A and B” process variables increased, i.e., the methanol/dry powder ratio and
catalyst. Figure 4 shows a surface representation of the yield versus catalyst and reaction
time. It is represented as process variables “A and C”. It is shown that the yield of the
biodiesel depended on two process variables, i.e., catalyst and reaction time. It was con-
cluded that the yield of the biodiesel increased with the increase in the “A and C” process
variables, i.e., catalyst and reaction time. In Figure 5, a response surface representation of
the yield versus methanol/dry powder ratio and time is shown. It is represented as process
variables “B and C”. It is shown that the yield of the biodiesel depended on two process
variables, i.e., the methanol/dry powder ratio and time. We concluded that the yield of the
biodiesel increased with the increase in “A and C” process variables, i.e., methanol/dry
powder ratio and time. Thus, it can be concluded from Figures 5–7 that the surface-confined
area within the shortest ellipses in the contour graphs represents the highest projected yield.
There is a relationship between these two independent factors that has an impact on the
dependent variable (biodiesel yield).
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4. Improvement in Yield Response

In addition, for each answer, an optimization procedure was carried out to maxi-
mize the response yield of the mix. The optimization approach was based on the RSM-
50 ◦C.veloped quadratic model (Equation (2)). Table 7 displays the optimal input processing
parameters for optimizing biodiesel production, which is 88.5% based on the optimal input
process parameter values. To confirm the outcomes, the research was carried out using the
improved process parameter values presented in Table 7. In addition, it was found that the
projected optimum response was more in line with the empirical optimal response, with
an error of 3.5%, as shown in Table 8. In conclusion, the response yield of the biofuel was
92% employing a methanol concentration of 19.86% and 3.396% w/w NaOH catalyst for
180 min at 50 ◦C. The physicochemical parameters of the biofuel samples were evaluated
in accordance with ASTM D-6751 and IS-15607. These attributes are shown in Table 9.

Table 7. Optimizing parameters for the optimal biofuel production.

Parameters Objectives Optimized-Value RSM

Reaction time In range 180
Methanol concentration Minimize 19.86%

Catalyst amount In range 3.396%
Biodiesel yield Maximize 88.5%
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Table 8. The model evaluation at the optimized conditions.

Number Methanol
Concentration (%)

Reaction
Temperature (◦C)

Catalyst
Loading (wt.%)

Reaction
Time (min)

Predicted
Biodiesel
Yield (%)

Experimental
Biodiesel
Yield (%)

Error (%)

1 19.86 50 3.396 180 88.5 92 3.5

Table 9. Fuel attributes of the produced biofuel.

Fuel Charecterstics B100 Standards

Density (kg/m3) 0.8840 ASTM D1298
Viscosity (cst) @ 40 ◦C 4.00 IS-1448

Flash Point (◦C) 116.0 IS-1448
Calorific value (MJ/kg) 42.00 ASTM-D4809

Induction-period 3.20 EN-14112

4.1. Fuel Properties of Biodiesel

The kinematic viscosity of oil is a factor that plays a major role when using the engine.
The high value of kinematic viscosity may lead to poor atomization, which may lead
to incomplete combustion, which tends to decrease engine performance and increase
emissions. The viscosity of biodiesel was found to be 4.0 cSt, which was higher than for
diesel. The flashpoint of biodiesel was recorded to be 116 ◦C, which was far more superior
than diesel. The energy content of fuel significantly influences the fuel consumption and
the thermal efficiency of the engine. The calorific value of biodiesel was measured as
42.0 MJ/kg. The properties depict that the fuel was compatible with the diesel engine. The
properties of the fuels produced were measured according to standard and are shown in
Table 9. The table shows the properties of the fuel used in the IC Engine.

4.2. Engine Performance Characteristics
4.2.1. Brake Specific Fuel Consumption (BSFC)

The impact of improved biodiesel fuel characteristics on engine performance and
emissions was assessed and compared to diesel. BSFC was calculated and analyzed as
shown in Figure 8. It was observed that BSFC for all of the tested fuels decreased with a
corresponding increase in load. At lower engine loads or when idle, the majority of the
energy produced was needed in order to overcome the frictional resistance of the engine
elements. Consequently, BSFC was greater at lower engine loads and decreased as the
engine loads grew.
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The BSFC values of all of the biodiesel fuels exhibited an upward trend when the
biodiesel-to-diesel blending ratio increased. The reason behind this could be attributed to
the lower energy content of biodiesel blends per unit mass compared with diesel, meaning
more biodiesel fuel was consumed to produce a similar output as in the case of diesel [34].
The results show that B20 showed the best BSFC in comparison with other blended biofuels,
which observed a reduction in the calorific value of the fuel with an increase in the blend
proportion [35]. The other reason could be the higher density of the biodiesel. At a uniform
inlet pressure and constant time, the amount of blended fuel in the injector increased
compared with diesel.

4.2.2. Brake Thermal Efficiency

The ratio of brake power output to energy consumed to generate power is known as
brake thermal efficiency (BTE) [36]. As shown in Figure 9, BTE increased with increasing
the load (%) for all of the fuels tested. The BTE increased for all of the fuels with an increase
in load conditions. The increase in BTE at higher engine loads was caused by a reduction
in power loss due to friction and an increase in brake power as the engine load percentage
increased [37]. Although BTE increased for biodiesel blends with the load, it was lower
than diesel at all of the loads. The biodiesel contained inherent oxygen, due to which
proper combustion took place, but the decreasing effect of BTE might be attributed to the
combined effect of the low calorific value of biodiesel and the higher BSFC than diesel [38].
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In Figure 9, the results indicate that the use of B5 provided the optimum BTE for all
of the tests, whereas B20 provided the lowest BTE when compared with other biofuels.
This could be due to an increase in the kinematic viscosity of the fuel with an increase
in the blend percentage, which tended to lead to poorer atomization, resulting in a poor
combustion process and reduced thermal efficiency.

4.3. Properties of Emanation
4.3.1. Hydrocarbon Emissions (HC)

All of the biodiesel blends were found to have extremely low hydrocarbon emissions
compared with diesel fuel. Figure 10 displays the variance in HC emissions across all
loads and fuels that were evaluated. It can be observed that HC emissions decreased as
the load conditions increased. In the case of biodiesel blends, the highest HC emissions
were recorded by B5, whereas B20 recorded the lowest amount of HC emissions. This
implies that the use of biodiesel significantly reduces HC emissions. This decrease is as
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a result of the presence of abundant oxygen, which maintains sufficient oxidation [39].
The temperature increase prevalent in the combustion process as a result of enhanced
combustion promotes enhanced fuel evaporation and a reduction in HC emissions. It can
be observed from the results that HC emissions decreased more in the case of higher blends.
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4.3.2. O2 Emissions

The composition of inherent oxygen in biodiesel fuel is the most influential property.
The presence of excess oxygen improves the combust efficiency of the fuel, which reduces
pollutants as a consequence when compared with diesel fuel. Figure 11 represents the
O2 emissions concerning increasing the load for all of the fuels tested. The observation
revealed that the O2 emissions significantly decreased upon use, as well as increased in
load circumstances, and the biodiesel blends outperformed the diesel. At lower loads,
B5 reported slightly higher O2 emissions than the other biodiesel blends. At full load
conditions, B20 and B5 reported minimum O2 emissions.
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4.3.3. CO Emissions

CO emission originate from partial oxidizing during inadequate combustion [40].
Figure 12 depicts the carbon monoxide emissions of diesel and biodiesel mixtures. It
can be seen that at lower loads, CO emissions were high, but with the increase in load
condition, the CO emissions tended to decrease. All of the biodiesel blends reported lower
CO emissions than for diesel fuel at all of the load conditions. The lowest amount of
emissions was recorded at full load conditions. CO emissions were reduced when the
biodiesel blend percentage increased. As explained earlier, this could contribute to the
high oxygen content of the blends and proper burning when using biofuel.
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4.3.4. Nitrogen Oxides (NOx) Emissions

NOx emissions are highly sensitive to a rise in combustion temperature with the
increase in oxygen concentration in fuel and engine load [41]. In a high-temperature
chamber, the nitrogen molecular bonds break down and form sequential oxidation reactions
to form NOx [42]. Figure 13 represents the results of NOx emissions for all of the fuels
and shows that the NOx emissions increased with an increase in engine load for all of the
tested fuels. For higher biodiesel blends, the oxygen content of the fuel also increased. The
results reported in this study also show that the NOx emissions for biodiesel blends were
higher than the diesel at all of the load conditions. B20 exhibited more NOx emissions than
some other blended fuels because of an increase in oxygen concentration as the biofuel
concentration increased.
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5. Conclusions

This study focused on the single-step in situ transesterification of dry spirogyra algae
and Jatropha powder, and the engine efficacy and emission analysis of that biofuel prepared
using a homogeneous base catalyst. Three operational parameters, including catalyst
concentration (0–5 wt.%), methanol to dry algae–Jatropha curcas powder (v/v) (20–60%),
and reaction time (60–180 min) at a constant reaction temperature of 50 ◦C were selected.
The maximum biodiesel yield of 88.5% was obtained under the optimized conditions of a
catalyst concentration of 3.396% (w/w), methanol/oil ratio of 19.86, and reaction time of
180 min. From the engine tests, the following conclusions were drawn:

• It was noted that the BSFC for all of the test blends decreased as the load increased.
All of the biodiesel blends reported a higher BSFC compared with diesel fuel. The
reason behind this may be that, because of the lower energy content of biodiesel blends
per unit mass compared with diesel, more biodiesel fuel is consumed to generate the
same power as in the case of diesel.

• B5 reported the highest BTE among all of the tested blends, whereas B20 reported the
lowest BTE compared with other fuels. This can be accounted for due to an increase
in the kinematic viscosity of the fuel with an increase in the blend percentage, which
tends to result in poorer atomization and a proper air−fuel mixture, resulting in a
poorer combustion process and reduced thermal efficiency.

• It can be shown that HC emissions decrease as the load conditions increase. In the
case of biodiesel blends, the highest HC emissions were recorded by B5, whereas B20
recorded the lowest amount of HC emissions. This implies that the use of biodiesel
significantly reduces HC emissions. This occurs due to the presence of excess oxygen,
which maintains adequate oxidation.

• All of the biodiesel blends reported lower CO emissions than for diesel fuel at all of the
engine loads. At full load, the least amount of emissions was recorded. CO emissions
decreased with the increase in the biodiesel blend percentage. As explained earlier, this
can be attributed to the higher oxygen content of the blends and proper combustion
when compared with diesel.

• According to the findings of this investigation, the NOx emissions of biodiesel blends
were greater than those of diesel under all load circumstances. B20 emitted more
NOx emissions than other blends due to an increase in oxygen concentration as the
biodiesel percentage increased.

From the above, it is found that this new approach of making biodiesel will be useful
as Jatropha biodiesel can be used to produce biodiesel with algae. On the other hand, the
engine performance and emissions are also comparable with diesel.
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