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Abstract—  

The ongoing depletion of conventional fossil fuels, alongside 

escalating costs and the environmental burden from their 

pollutants, increasingly underscores the need for alternative 

energy sources. Pongamia Pinnata methyl ester, a non-edible 

and widely available option, presents a promising substitute. 

This detailed study examines its application in diesel engines, 

particularly when blended with diesel additives such as 2-EHN 

and ethanol. The research focuses on assessing how these blends 

perform in comparison to traditional diesel under a variety of 

engine load conditions. Blends were tested in proportions of 

20%, 30%, and even a full replacement at 100%, analyzing key 

performance metrics such as brake thermal efficiency and 

indicated mean effective pressure. Results indicate that specific 

blends, notably B20 A1(5) A2(5) D70, B20 A1(10) D70, and B20 

A2(10) D70, not only matched but frequently surpassed mineral 

diesel in performance under certain load conditions. 

Furthermore, emission tests revealed significant reductions in 

carbon dioxide, carbon monoxide, and nitric oxide emissions, 

enhancing the environmental benefit of adopting such biofuel 

blends in diesel engines. 
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1. INTRODUCTION

The growing environmental concerns and the ongoing 

depletion of fossil fuel reserves have driven increased 

scientific and engineering research into renewable 

alternatives. Biodiesel, particularly for use in diesel engines, 

has gained significant attention due to its promising results, 

as highlighted in numerous studies [1-4]. This focus is not 

only due to biodiesel's potential as a sustainable fuel but also 

because of its practical applicability in existing diesel engine 

technologies. Biodiesel is primarily produced from non-

edible oil crops like rapeseed and sunflower, which are 

abundantly available and do not compete with food sources. 

This type of biofuel is generated through a process known as 

transesterification, which involves replacing one alcohol in an 

ester with another. This process is crucial as it reduces the 

oil’s viscosity, improving its combustion properties to match 

those of conventional diesel, as indicated in Table 1. 

The transition to biodiesel offers significant environmental 

benefits, including a reduction in greenhouse gas emissions 

and a lower dependency on depleting fossil fuels. Moreover, 

the use of biodiesel supports agricultural sectors and 

promotes the development of rural areas, making it a 

cornerstone in the strategy for achieving energy 

sustainability. The integration of biodiesel into the fuel 

system of diesel engines not only aligns with global 

environmental goals but also showcases the potential for 

renewable fuels to replace conventional fossil fuels 

effectively. RCOORꞌ+RꞌꞌOH→ RCOORꞌꞌ +RꞌꞌOH. 

Triglycerides, when exposed to an alkaline catalyst, undergo 

transesterification effectively at temperatures ranging 

between 600 to 700C. This chemical reaction is crucial for 

converting fats into biodiesel, a renewable fuel that can 

significantly reduce carbon dioxide emissions. The 

automobile sector, a major contributor to global CO2 

emissions, stands to benefit from adopting biodiesel produced 

through this process. By integrating biodiesel into the fuel 

mix, the automotive industry can actively participate in 

reducing its environmental footprint. The successful 

transesterification of triglycerides not only supports the 

production of cleaner fuel but also aligns with broader efforts 

to combat climate change by lowering reliance on fossil fuels 

[4-6].  

2. MATERIALS AND METHODS

1. Biodiesel properties

Before evaluating the performance and emissions

characteristics of various fuel blends, it is crucial to

understand the fundamental properties of the components

involved. Detailed properties of Pongamia Pinnata, its methyl

ester derivative, and conventional diesel fuel are

systematically provided in tabular form. These tables,

referenced in [13-15], offer comprehensive data including

density, viscosity, calorific value, and flash points among

others. Such detailed characterization is essential for

assessing compatibility and performance implications when

these fuels are used in diesel engines. By analysing these

properties, researchers can better predict how these blends

will behave under operational conditions, ensuring more 

accurate and reliable experimental outcomes.
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TABLE I  Properties fuels 

2. Diesel additive properties

TABLE II 

3. EXPERIMENTAL SETUP AND PROCEDURE

The experimental apparatus utilized for the study comprised 

a precisely engineered setup featuring a single-cylinder, four-

stroke diesel engine. This engine was meticulously connected 

to an eddy current dynamometer, which is renowned for its 

reliability in measuring torque and power under various load 

conditions. The system was designed to facilitate load 

adjustments ranging from 0% to 100%, allowing for a 

comprehensive assessment of engine performance across a 

spectrum of operating conditions. Key to the experimental 

design was the inclusion of a sophisticated measurement 

system for water flow, utilizing a rotameter to ensure accurate 

monitoring. This component was critical in maintaining the 

engine's thermal balance during the tests. Emissions testing 

was conducted using a state-of-the-art five-gas analyzer, 

capable of detecting and quantifying the levels of carbon 

monoxide (CO), nitric oxide (NO), and carbon dioxide (CO2) 

in the engine's exhaust gases. This analyzer was strategically 

installed at the exhaust outlet to capture real-time emission 

data, as represented in Figure 2 [6-9]. To manage the fuel 

supply, a glass burette was employed for the precise 

measurement of both biodiesel and diesel fuel volumes. This 

setup was complemented by a stopwatch, which played a 

crucial role in calculating the brake-specific fuel consumption 

(BSFC), a key metric in evaluating engine efficiency [11-13]. 

The engine was operated at a constant speed of 1500 rpm 

throughout the experiments. Notably, no alterations were 

made to the fuel injection timing, which was meticulously set 

at 23° before top dead center (BTDC) for both diesel and 

Pongamia Pinnata Methyl Ester (PPME). This consistency 

was vital for ensuring comparability of results across all fuel 

types tested. 

The variety of fuel blends examined included pure diesel 

(D100), and several biodiesel blends such as B20 A1(5) A2(5) 

D70, B20 A1(10) D70, B20 A2(10) D70, B20 B80, and B100. 

These blends were tested under progressive load conditions 

from 0% to 100%, simulating real-world engine operations at 

a compression ratio of 17.5:1. Performance evaluations were 

executed using software from Apex Innovations Pvt. Ltd, 

designated as ENGINE SOFT, which enabled detailed 

analysis of engine output and efficiency. Additionally, the 

TESTO 350 gas analyzer provided further insights into the 

exhaust gas composition, complementing the data obtained 

from the five-gas analyzer [8-12]. This comprehensive setup 

not only facilitated a thorough understanding of the 

performance characteristics of the various fuel blends but also 

underscored the potential environmental benefits associated 

with the use of biodiesel in reducing harmful emissions. The 

rigorous testing regime ensured that the data collected was 

both robust and representative of each fuel’s performance 

under varied operational conditions. 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV13IS050186
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

Vol. 13 Issue 5, May 2024

www.ijert.org
www.ijert.org


Fig.1 Experimental setup Fig.2 Gas analyzer 

4. RESULTS:

1. Performance analysis

A. Brake thermal efficiency B. Brake specific fuel consumption

Fig3. bte vs. Load 
Fig4. bsfc vs. Load 

C. Indicated mean effective pressure

Fig5. imep vs. Load 
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2. Emissions analysis

A. Carbon monoxide (CO) B. Carbon dioxide (CO2)

Fig6. CO vs. Load Fig7. CO2 vs. Load 

Fig8. NO vs. Load 

5. CONCLUSIONS

This study focused on evaluating the performance and 

emissions of diesel blended with Pongamia Pinnata methyl 

ester, 2-EHN, and ethanol. The experimental results led to 

several key conclusions about the efficacy and environmental 

benefits of these biofuel blends in comparison to pure diesel: 

• Pongamia Pinnata methyl ester, when combined with

diesel additives such as 2-EHN and ethanol, demonstrates

significant potential as a viable alternative fuel for Direct

Injection (DI) diesel engines, requiring no modifications

to the existing engine infrastructure. This finding presents

a sustainable solution in the quest for reducing

dependency on traditional fossil fuels and mitigating

environmental impact.

• Among various blends tested, B20 A1 (5) A2 (5) D70

particularly stands out for its enhanced performance

characteristics. This specific blend consists of 20%

biodiesel derived from Pongamia Pinnata, supplemented

with 5% of each additive, 2-EHN and ethanol, mixed into

70% standard diesel. The experimental results have shown

that this blend not only maintains comparable fuel

consumption to pure diesel under full load conditions but

also improves brake thermal efficiency. The data, as

illustrated in Figure 3, indicates a slight but noticeable

improvement in thermal efficiency over pure diesel,

suggesting that the blend is more efficient at converting

fuel into energy.

• Moreover, the use of this biodiesel blend has been

associated with a significant reduction in the emission of

major exhaust pollutants such as carbon dioxide (CO2)

and carbon monoxide (CO), as evidenced in Figures 6 and

7 respectively. These reductions contribute positively

towards lowering the overall environmental footprint of

diesel engines, which are traditionally known for their

higher pollutant emissions.

• However, it's important to note that there is a slight

increase in nitric oxide (NO) emissions with this blend, as

shown in Figure 8. While this increase is modest, it

highlights a common challenge associated with biodiesel

usage, where certain emissions may not decrease

uniformly across all categories. Despite this, the overall

environmental benefits of using such a blend, particularly

in terms of reducing greenhouse gases like CO2 and toxic

emissions like CO, are considerable.

• The experimental analysis of both performance and

emissions characteristics strongly supports the potential of

B20 A1 (5) A2 (5) D70 to serve as a substitute for pure

diesel in diesel engines. This blend not only enhances

engine performance but also aligns with global

environmental goals, offering a promising route towards

cleaner, more sustainable diesel engine operations. These

findings underscore the importance of continuing research

and development in biodiesel fuels to optimize blends for

both performance and environmental impact.

C. Nitric oxide (NO)
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