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Abstract - The escalating demand for enerqy and the
environmental impact of fossil fuels necessitate the
exploration of alternative, sustainable energy sources. This
study investigates the performance and emission
characteristics of a single-cylinder, four-stroke compression
ignition (CI) engine using novel biofuel blends. Honge oil, a
non-edible vegetable oil, was subjected to a two-step
transesterification process to produce biodiesel. This Honge oil
methyl ester (HOME) was then blended with diesel and fish oil
in four different proportions: D80B10F10, D80B13F7,
DB80B15F5, and D80B17F3. The physical and chemical
properties of these blends, including pH, calorific value,
density, and flash point, were characterized. Engine
performance was evaluated in terms of brake thermal
efficiency and specific fuel consumption, while emission
characteristics were assessed by measuring CO, CO,, HC, and
NOx levels. The results indicate that the D80B15F5 blend
exhibits the most promising performance, with a brake
thermal efficiency comparable to that of conventional diesel,
alongside a significant reduction in harmful emissions. This
research demonstrates the potential of utilizing a dual-biofuel
blend as a viable alternative fuel for diesel engines,
contributing to reduced fossil fuel dependency and a cleaner
environment.
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1. INTRODUCTION

The rapid depletion of fossil fuel reserves and the growing
concerns over environmental pollution have spurred
intensive research into renewable and sustainable energy
sources [1, 2]. Biofuels, derived from biomass such as
vegetable oils and animal fats, have emerged as a promising
alternative to conventional petroleum-based fuels,
particularly for use in compression ignition (CI) engines [3,
4]. Biodiesels, defined as mono-alkyl esters of fatty acids,
offer several advantages, including biodegradability, lower
toxicity, and a significant reduction in harmful exhaust

emissions such as carbon monoxide (CO), hydrocarbons
(HC), and particulate matter [5, 6].

Among the various potential sources for biodiesel
production, non-edible oils are gaining increasing attention
as they do not compete with the food supply chain [7]. Honge
oil, derived from the seeds of the Honge tree (Pongamia
pinnata), is a non-edible vegetable oil that is widely available
in India and other parts of Asia [8]. Several studies have
investigated the use of Honge oil methyl ester (HOME) as a
diesel substitute, reporting comparable engine performance
and reduced emissions [9, 10]. Similarly, fish oil, a byproduct
of the fish processing industry, has been identified as a
potential feedstock for biodiesel production [11]. Rich in
omega-3 fatty acids, fish oil can be converted into biodiesel
through transesterification, and its blends with diesel have
shown promising results in terms of engine performance and
emission reduction [12, 13].

While most research has focused on blending a single type of
biofuel with diesel, the present study explores the novel
concept of a dual-biofuel blend. By combining Honge oil and
fish oil with diesel, this research aims to leverage the unique
properties of each component to create a superior fuel blend
[14, 15]. The primary objectives of this study are to:

e Reduce the overall consumption of and dependence

on diesel.

Evaluate the performance of a Cl engine in terms of
brake thermal efficiency and specific fuel
consumption using the novel blends.

Analyze the emission characteristics of the engine
to assess the environmental impact of the new fuel

combinations.

Identify an optimal blend ratio that offers a balance
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2. MATERIALS AND METHODS
2.1 Materials

The primary materials used in this study were Honge oil, fish
oil, and conventional diesel fuel. The Honge oil was procured
locally, and the fish oil was purchased from a commercial
supplier. All chemicals used for the transesterification
process, including methanol, sodium hydroxide (NaOH),
sulfuric acid (H,SO,), and phenolphthalein, were of
analytical grade.

2.2 Extraction and Transesterification of Honge 0Oil

The Honge oil was extracted from the seeds using a screw
crusher (oil expeller). The raw oil was then filtered to
remove impurities. A Free Fatty Acid (FFA) test was
conducted on the crude Honge oil using a titration technique.
As the FFA value was found to be greater than 3%, a two-
step transesterification process was employed to convert the
oil into biodiesel (HOME). The transesterification unit is
shown in Fig 1.

TRANSESTERIFICATION UNFT M
25 calgeatieri = o

Fig - 1 Transesterification unit

1. Acid-Catalyzed Esterification: The first step aimed to
reduce the FFA content to below 3%. The reaction was
carried out in a reactor with Honge oil, methanol, and
sulfuric acid as a catalyst. The mixture was heated and
stirred for a specified duration, after which it was allowed to
settle. The lower layer containing gumming, methanol, and
water was removed.

2.Base-Catalyzed Transesterification: The pretreated oil
was then subjected to base-catalyzed transesterification.
Potassium hydroxide (KOH) was dissolved in methanol and
added to the heated oil in the reactor. The mixture was
stirred for a specific time and then allowed to settle. The
upper layer, containing the Honge oil methyl ester
(biodiesel), was collected and purified by washing with hot
water to remove any remaining catalyst and glycerol.

2.3. Fuel Blending and Property Characterization

Four different fuel blends were prepared by mixing diesel,
Honge oil biodiesel (B), and fish oil (F) in varying

proportions. The blends were designated as D80B10F10,
D80B13F7, D80B15F5, and D80B17F3, where the numbers
indicate the percentage by volume of each component. The
physical and chemical properties of these blends were
characterized as follows:

e pH: Measured using a digital pH meter.

e (Calorific Value: Determined using a bomb
calorimeter.

e Density: Measured using a hydrometer.

¢ Flash and Fire Points: Determined using a Pensky-
Martens closed-cup apparatus.

2.4. Experimental Setup and Procedure

The performance and emission tests were conducted on a
single-cylinder, four-stroke, water-cooled CI engine with a
rated power of 3.67 kW at 1500 rpm. The engine was
coupled to a mechanical dynamometer to apply varying
loads. The experimental setup included instrumentation to
measure engine speed, fuel consumption, air flow rate, and
exhaust gas temperature. The CI Engine test rig is shown in
Fig.2.

The experimental procedure involved the following steps:

1. The engine was started using conventional diesel and
allowed to warm up to reach a stable operating condition.

2.Baseline performance and emission data were recorded at
different loads.

3. The engine was then run on each of the four biofuel
blends, and the same set of performance and emission data
was collected for comparison.

4. The key performance parameters calculated were Specific
Fuel Consumption (SFC), Brake Thermal Efficiency (BTE),
Brake Power (BP), and Volumetric Efficiency.

Fig -2: Schematic of the CI engine test rig
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3. RESULTS AND DISCUSSION Temp
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3.1. Fuel Properties °0)
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The properties of the four biofuel blends are presented in t Gas
Table 1. The calorific values of all blends were slightly lower Outlet | L0ad
than that of conventional diesel, which is a typical Temp }((3 120 88 87 87 95
characteristic of biofuels. The densities of the blends were (Te, g)
slightly higher than that of diesel. The flash points of the °C)
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storage.
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3.2. Engine Performance

The performance of the engine was evaluated in terms of
Brake Thermal Efficiency (BTE) and Specific Fuel
Consumption (SFC). The variation of BTE with load for all the
fuel blends is shown in Figure 3. It was observed that the
BTE of all the blends was comparable to that of diesel, with
the DBOB15F5 blend exhibiting the highest BTE among the
blends. The SFC for the biofuel blends was slightly higher
than that of diesel, which can be attributed to their lower
calorific values. The SFC variation with load is shown in
Figure 4.

3.3. Emission Characteristics

The emission characteristics of the engine were analyzed for
CO, CO,, HC, and NOx emissions. The biofuel blends showed a
significant reduction in CO, HC, and smoke emissions
compared to diesel. This is due to the presence of oxygen in
the biofuel molecules, which promotes more complete
combustion. However, a slight increase in NOx emissions
was observed for the biofuel blends, which is a common
trend for biodiesels due to the higher combustion
temperatures.
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Fig- 3: Variation of Graph of Brake Thermal Efficiency vs. BP
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Fig-4: Variation of Specific fuel consumption vs. BP
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Fig-6: Variation of Indicated thermal efficiency v/s BP
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Fig-7: Variation of Mechanical efficiency v/s BP
4. CONCLUSIONS

This study successfully investigated the performance and
emission characteristics of a CI engine fueled with novel
blends of diesel, Honge oil methyl ester, and fish oil. Based
on the experimental results, the following conclusions can be
drawn:

1. The two-step transesterification process was
effective in converting high-FFA Honge oil into
biodiesel with properties suitable for engine use.
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2. The biofuel blends exhibited physical and chemical
properties that are comparable to those of
conventional diesel, making them suitable for use in
existing CI engines without any major
modifications.

3. The engine performance with the biofuel blends
was found to be very close to that of diesel. The
D80B15F5 blend, in particular, showed a brake
thermal efficiency that was almost identical to that
of diesel, with only a marginal increase in specific
fuel consumption.

4. The biofuel blends resulted in a significant
reduction in harmful emissions, including CO, HC,
and smoke. Although a slight increase in NOx
emissions was observed, the overall environmental
impact of the blends is considerably lower than that
of diesel.

5. The D80B15F5 blend was identified as the optimal
blend, offering the best compromise between
engine performance and emission reduction.

In summary, this research demonstrates that a dual-biofuel
blend of Honge oil and fish oil with diesel is a viable and
promising alternative fuel for CI engines. The use of such
blends can contribute to reducing the dependence on fossil
fuels, promoting the use of renewable resources, and
mitigating the environmental impact of diesel engines.
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