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Abstract - The escalating demand for energy 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, 
D80B15F5, 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, CO₂, 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: 

 Reduce the overall consumption of and dependence 
on diesel. 

 Evaluate the performance of a CI 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 
between engine performance and reduced 
emissions. 
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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 (H₂SO₄), and phenolphthalein, were of 
analytical grade. 

2.2 Extraction and Transesterification of Honge Oil 

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. 

 

 

 

 

 

 

 
                   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: 

 pH: Measured using a digital pH meter. 

 Calorific Value: Determined using a bomb 
calorimeter. 

 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 

3.1. Fuel Properties 

The properties of the four biofuel blends are presented in 
Table 1. The calorific values of all blends were slightly lower 
than that of conventional diesel, which is a typical 
characteristic of biofuels. The densities of the blends were 
slightly higher than that of diesel. The flash points of the 
blends were all above 50°C, ensuring safe handling and 
storage. 

Table 1: Engine test data for the fuels used 

Param
eter 

Load 
Condit

ion 

Die
sel 

D80B10
F10 

D80B1
3F7 

D80B1
5F5 

D80B1
7F3 

Engine 
Speed 
(RPM) 

Load 
1 (3 
kg) 

154
0 

1544 1530 1522 1540 

Engine 
Speed 
(RPM) 

Load 
2 (6 
kg) 

152
6 

1532 1538 1517 1530 

Engine 
Speed 
(RPM) 

Load 
3 (9 
kg) 

149
6 

1526 1524 1502 1505 

Fuel 
Time 
for 
10cc 
(s) 

Load 
1 (3 
kg) 

40.
0 

70.74 67.59 74.21 71.63 

Fuel 
Time 
for 
10cc 
(s) 

Load 
2 (6 
kg) 

42.
0 

55.88 54.99 57.5 58.28 

Fuel 
Time 
for 
10cc 
(s) 

Load 
3 (9 
kg) 

30.
0 

44.19 47.8 52.94 47.16 

Exhaus
t Gas 
Inlet 
Temp 
(T5, 
°C) 

Load 
1 (3 
kg) 

272 166 171 158 166 

Exhaus
t Gas 
Inlet 
Temp 
(T5, 
°C) 

Load 
2 (6 
kg) 

297 175 182 175 173 

Exhaus
t Gas 
Inlet 

Load 
3 (9 
kg) 

332 209 205 208 201 

Temp 
(T5, 
°C) 

Exhaus
t Gas 
Outlet 
Temp 
(T6, 
°C) 

Load 
1 (3 
kg) 

120 88 87 87 95 

Exhaus
t Gas 
Outlet 
Temp 
(T6, 
°C) 

Load 
2 (6 
kg) 

129 94 95 93 97 

Exhaus
t Gas 
Outlet 
Temp 
(T6, 
°C) 

Load 
3 (9 
kg) 

139 104 105 102 105 

Engine 
Water 
Inlet 
Temp 
(T2, 
°C) 

Load 
1 (3 
kg) 

31 30 31 28 32 

Engine 
Water 
Inlet 
Temp 
(T2, 
°C) 

Load 
2 (6 
kg) 

32 29 31 28 32 

Engine 
Water 
Inlet 
Temp 
(T2, 
°C) 

Load 
3 (9 
kg) 

32 29 31 28 32 

Engine 
Water 
Outlet 
Temp 
(T3, 
°C) 

Load 
1 (3 
kg) 

39 32 34 31 35 

Engine 
Water 
Outlet 
Temp 
(T3, 
°C) 

Load 
2 (6 
kg) 

39 32 34 31 36 

Engine 
Water 
Outlet 
Temp 
(T3, 
°C) 

Load 
3 (9 
kg) 

39 33 35 32 36 
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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 D80B15F5 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, CO₂, 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. 

 

 

 

 

 

 

 

 Fig- 3: Variation of Graph of Brake Thermal Efficiency vs. BP 

 

 

 

 

 

 

 

Fig-4: Variation of Specific fuel consumption vs. BP 

 

Fig-5: Variation of Air fuel ration v/s B P 

 

Fig-6: Variation of Indicated thermal efficiency v/s BP 

 

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. 

REFERENCES 

[1] M. A. Kalam and M. A. Masjuki, "Biodiesel from palm oil—
an analysis of its properties and potential," Biomass and 
Bioenergy, vol. 23, no. 6, pp. 471-479, 2002.  

[2] A. Demirbas, "Progress and recent trends in biofuels," 
Progress in Energy and Combustion Science, vol. 33, no. 1, pp. 
1-18, 2007. 

[3] S. K. Hoekman, A. Broch, C. Robbins, E. Ceniceros, and M. 
Natarajan, "Review of biodiesel composition, properties, and 
specifications," Renewable and Sustainable Energy Reviews, 
vol. 16, no. 1, pp. 143-169, 2012.  

[4] A. K. Agarwal, "Biofuels (alcohols and biodiesel) 
applications as fuels for internal combustion engines," 
Progress in Energy and Combustion Science, vol. 33, no. 3, pp. 
233-271, 2007.  

[5] G. Knothe, "Biodiesel and renewable diesel: A 
comparison," Progress in Energy and Combustion Science, vol. 
36, no. 3, pp. 364-373, 2010.  

[6] M. Lapuerta, O. Armas, and J. R. Fernández, "Effect of 
biodiesel fuels on diesel engine emissions," Progress in 

Energy and Combustion Science, vol. 34, no. 2, pp. 198-223, 
2008.  

[7] M. K. Lam, K. T. Lee, and A. R. Mohamed, "Homogeneous, 
heterogeneous and enzymatic catalysis for 
transesterification of high free fatty acid oil (waste cooking 
oil) to biodiesel: A review," Biotechnology Advances, vol. 28, 
no. 4, pp. 500-518, 2010.  

[8] S. K. Karmee and A. Chadha, "Preparation of biodiesel 
from crude oil of Pongamia pinnata," Bioresource Technology, 
vol. 96, no. 13, pp. 1425-1429, 2005.  

[9] H. Raheman and A. G. Phadatare, "Diesel engine 
emissions and performance from blends of Karanja methyl 
ester and diesel," Biomass and Bioenergy, vol. 27, no. 4, pp. 
393-397, 2004.  

[10] N. R. Banapurmath, P. G. Tewari, and R. S. Hosmath, 
"Performance and emission characteristics of a DI 
compression ignition engine operated on Honge, Jatropha 
and sesame oil methyl esters," Renewable Energy, vol. 33, no. 
9, pp. 1982-1988, 2008.  

[11] F. Ma and M. A. Hanna, "Biodiesel production: a review," 
Bioresource Technology, vol. 70, no. 1, pp. 1-15, 1999.  

[12] A. P. Singh and S. K. Singh, "Production of biodiesel from 
waste fish oil," International Journal of Renewable Energy 
Research, vol. 2, no. 1, pp. 136-140, 2012.  

[13] M. A. Bezerra, C. A. B. Garcia, and A. S. Araujo, 
"Performance and emissions of a diesel engine fueled with 
fish oil biodiesel," Fuel, vol. 90, no. 11, pp. 3433-3437, 2011.  

[14] A. E. Atabani et al., "A comprehensive review on 
biodiesel as an alternative energy resource and its 
characteristics," Renewable and Sustainable Energy Reviews, 
vol. 16, no. 4, pp. 2070-2093, 2012. 

 [15] S. Jaichandar and K. Annamalai, "The status of biodiesel 
as an alternative fuel for diesel engines," Journal of 
Sustainable Energy & Environment, vol. 2, no. 2, pp. 71-75, 
2011. 

 

 

 


