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Abstract 

This study investigates the molecular interactions and thermodynamic properties of biodiesel mixtures derived from 

various feedstocks (Jatropha curcas, Karanja, Chlorella vulgaris, Spirulina, and Scenedesmus obliquus) and fatty acid 

methyl esters (FAMEs) such as Methyl Palmitate (C16:0), Methyl Stearate (C18:0), Methyl Oleate (C18:1), Methyl 

Linoleate (C18:2), and Methyl Linolenate (C18:3). The focus is on the Excess Molar Volume (Vᴱ), a crucial parameter 

for understanding non-ideal mixing behavior. Using the Redlich-Kister model, this study provides valuable data that 

can aid in optimizing biodiesel formulations, improving fuel efficiency, and advancing biofuel production. 
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1. Introduction 

Biodiesel is an increasingly recognized and essential renewable energy source, offering an environmentally 

sustainable alternative to conventional petroleum-based fuels. As concerns over climate change intensify and the 

negative environmental impacts of fossil fuels become more evident, biodiesel stands out as a promising solution for 

reducing greenhouse gas emissions, promoting energy security, and decreasing dependence on non-renewable 

resources. Unlike fossil fuels, biodiesel is produced from renewable biological sources, making it a clean, carbon-

neutral fuel option. It can be used in diesel engines without requiring major modifications, thus providing a viable 

pathway for transitioning to greener fuel alternatives. 

The production of biodiesel primarily involves the transesterification process, in which oils or fats from various 

feedstocks are converted into fatty acid methyl esters (FAMEs). These FAMEs are the main constituents of biodiesel. 

The choice of feedstock plays a significant role in determining the quality and efficiency of biodiesel, influencing its 

physical and chemical properties, such as viscosity, energy density, and combustion characteristics. As biodiesel 

production becomes more widespread, optimizing its properties to meet performance standards and increase fuel 

efficiency is crucial. In particular, understanding the molecular interactions within biodiesel blends is key to improving 

biodiesel’s performance in practical applications. 

One important thermodynamic property used to study biodiesel’s molecular behavior is the Excess Molar Volume 

(Vᴱ). Excess molar volume provides insights into how biodiesel mixtures deviate from ideal mixing behavior and 

reflects the molecular interactions between the biodiesel components. These interactions include hydrogen bonding, 

van der Waals forces, and dipole-dipole interactions, all of which contribute to biodiesel's overall performance. The 

deviation from ideality, captured by Vᴱ, influences fuel properties such as viscosity, cold-flow behavior, and energy 

density, which are essential for biodiesel’s use in different climatic conditions and engine types. 

This paper focuses on understanding the molecular interactions in biodiesel mixtures by investigating the Excess 

Molar Volume (Vᴱ) for biodiesel blends derived from various feedstocks. Biodiesel can be sourced from different 

generations of feedstocks, each with unique characteristics that impact the biodiesel's performance. 
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• First-generation feedstocks: These include edible oils, such as soybean, rapeseed, and palm oil, which are 

widely available and easily processed. However, using food crops for biodiesel production raises concerns 

related to food security, land use, and the environmental impact of large-scale agricultural practices (Knothe, 

2005). 

• Second-generation feedstocks: These include non-food oils, such as Jatropha curcas and Karanja (Pongamia 

pinnata). These feedstocks are considered more sustainable as they do not compete with food crops and can 

be grown on marginal lands. They also have the potential to provide high oil yields, making them a promising 

choice for biodiesel production (Nanda et al., 2010). 

• Third-generation feedstocks: Algae-based feedstocks like Chlorella vulgaris, Spirulina, and Scenedesmus 

obliquus represent the future of biodiesel production due to their high oil content and rapid growth rates. 

Algae can be cultivated in non-arable land or even wastewater, making them an environmentally sustainable 

option for biodiesel production (Singh & Olsen, 2011). 

Each of these feedstocks imparts unique physical and chemical properties to the resulting biodiesel, influencing its 

molecular behavior and performance characteristics. By studying the Excess Molar Volume (Vᴱ) of biodiesel 

mixtures, we can gain deeper insights into how these different feedstocks interact with fatty acid methyl esters 

(FAMEs) and how these interactions affect biodiesel's overall performance. Specifically, the paper examines the 

interactions between methyl esters such as Methyl Palmitate (C16:0), Methyl Stearate (C18:0), Methyl Oleate (C18:1), 

Methyl Linoleate (C18:2), and Methyl Linolenate (C18:3) with various feedstocks, including Jatropha, Karanja, and 

algae-based species. 

The goal of this research is to provide a more comprehensive understanding of the molecular dynamics within 

biodiesel mixtures, which will contribute to optimizing biodiesel formulations for better fuel efficiency, combustion 

characteristics, and stability under various environmental conditions. Through the use of thermodynamic models like 

the Redlich-Kister polynomial, the study aims to predict and quantify the behavior of biodiesel blends, providing 

valuable data that can guide biodiesel production and formulation processes. 

This research is vital for advancing biodiesel technology and ensuring that biodiesel can compete effectively with 

conventional fuels, both in terms of performance and sustainability. By focusing on molecular interactions and 

thermodynamic properties, this paper contributes to the growing body of knowledge on biodiesel optimization and its 

role in the future energy landscape. 

2. Molecular Interactions and Thermodynamic Properties 

Understanding the molecular interactions and thermodynamic properties of biodiesel blends is crucial for optimizing 

their performance in real-world applications. The Excess Molar Volume (Vᴱ) is a key thermodynamic parameter that 

provides insights into how different components in biodiesel mixtures interact at the molecular level. This section 

delves into the significance of Vᴱ, its role in biodiesel properties, and how it is analyzed using the Redlich-Kister 

model. 

2.1 Role of Excess Molar Volume (Vᴱ) 

The Excess Molar Volume (Vᴱ) is a thermodynamic property that quantifies the deviation of a mixture’s molar 

volume from that predicted by ideal mixing behavior. In ideal mixtures, the molar volume is simply the sum of the 

individual molar volumes of the components, weighted by their mole fractions. However, in real-world biodiesel 

mixtures, molecular interactions such as hydrogen bonding, van der Waals forces, and dipole-dipole interactions cause 

deviations from this ideal behavior, which are captured by the Excess Molar Volume (Vᴱ). 

In biodiesel mixtures, Vᴱ is critical because it reflects how feedstocks and fatty acid methyl esters (FAMEs) interact 

at the molecular level. These interactions can result in either positive or negative values for Vᴱ, which in turn influence 

the biodiesel’s physical properties such as viscosity, energy density, and cold-flow characteristics. Positive excess 

molar volumes suggest that the components in the mixture interact weakly, leading to an expansion of volume 

compared to ideal behavior. Conversely, negative values indicate strong molecular interactions, resulting in a 

contraction of the mixture's volume. 
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The interaction forces that influence Vᴱ include: 

• Hydrogen Bonding: This occurs when a hydrogen atom, bonded to a strongly electronegative atom such as 

oxygen, interacts with another electronegative atom in the mixture. Hydrogen bonds can lead to both volume 

expansion or contraction depending on the nature of the interaction. 

• Van der Waals Forces: These are weak intermolecular forces that arise due to the transient dipoles formed 

by the movement of electrons in molecules. Van der Waals interactions can play a significant role in the 

overall behavior of biodiesel mixtures, particularly in mixtures involving unsaturated fatty acids or highly 

complex molecules. 

• Dipole-Dipole Interactions: Molecules with permanent dipoles interact with each other through their 

positive and negative ends. These interactions are especially significant in biodiesel mixtures involving polar 

molecules, such as those found in algae-based feedstocks. 

The study of Vᴱ in biodiesel mixtures is essential for understanding how these molecular interactions affect the fuel’s 

performance, including combustion efficiency, stability, and energy content. By quantifying the deviations from ideal 

behavior, the Excess Molar Volume serves as a valuable tool for optimizing biodiesel formulations for specific 

applications. 

2.2 The Redlich-Kister Model for Vᴱ Analysis 

To better understand and model the Excess Molar Volume (Vᴱ) in biodiesel mixtures, the Redlich-Kister polynomial 

is employed. This model is widely used in thermodynamics to predict the excess properties of binary mixtures, 

including Vᴱ. The Redlich-Kister model provides a mathematical framework for capturing the non-ideal behavior of 

mixtures and is particularly useful when dealing with complex systems like biodiesel blends, which involve multiple 

feedstocks and fatty acid methyl esters. 

The general form of the Redlich-Kister polynomial for modeling Excess Molar Volume is given by the equation: 

𝑉𝐸 = 𝑥1𝑥2[𝑎1 + 𝑎2(𝑥1 − 𝑥2)] 
 

Where: 

• 𝑉𝐸is the Excess Molar Volume, 

• 𝑥1and 𝑥2are the mole fractions of the two components in the mixture, 

• 𝑎1and 𝑎2are the Redlich-Kister coefficients specific to the feedstock and ester combination being studied. 

The Redlich-Kister model allows researchers to fit experimental data and estimate the values of the coefficients 𝑎1and 

𝑎2, which are essential for predicting how the mixture will behave. By fitting the experimental excess molar volume 

data to this polynomial using nonlinear regression techniques, we can gain a deeper understanding of the molecular 

interactions between the components in biodiesel mixtures. 

The accuracy of the Redlich-Kister model is evaluated by calculating the standard deviation (SD) of the fitting, 

which provides an indication of how well the model represents the observed data. The lower the standard deviation, 

the better the model fits the experimental data, offering more reliable predictions for the behavior of the biodiesel 

blend. 

By employing the Redlich-Kister model, this study can predict how biodiesel mixtures will behave under different 

conditions, such as varying mole fractions of feedstocks and esters. These predictions are valuable for optimizing 

biodiesel formulations, ensuring that the blends meet performance requirements for specific uses, such as automotive 

fuel, industrial applications, or cold-weather operations. 

In conclusion, the Redlich-Kister model provides an effective method for analyzing the Excess Molar Volume and 
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understanding the molecular interactions that govern biodiesel properties. This insight is crucial for developing 

biodiesel blends that are both efficient and sustainable, meeting the growing demand for renewable energy sources in 

a world increasingly focused on environmental sustainability. 

3. Experimental Methodology 

3.1 Feedstocks and Fatty Acid Methyl Esters (FAMEs) 

The study focuses on the analysis of various feedstocks and their corresponding fatty acid methyl esters (FAMEs). 

These are critical components in the synthesis of biodiesel and other biofuels, as well as for understanding the 

molecular interactions in fuel blends. The following feedstocks and FAMEs were considered: 

• Second-Generation Feedstocks: 

o Jatropha curcas: A well-known non-edible plant used for biodiesel production due to its high oil 

content and the fact that it can be grown on marginal land. The oil extracted from Jatropha curcas 

contains a high percentage of saturated fatty acids, making it a potential candidate for high-

performance biofuels. 

o Karanja: Another non-edible oilseed plant that has gained attention for its potential as a biodiesel 

feedstock. The oil obtained from Karanja is rich in unsaturated fatty acids, providing an interesting 

comparison to other feedstocks in biodiesel production. 

• Third-Generation Feedstocks: 

o Chlorella vulgaris: A species of green algae known for its high lipid content and rapid growth. 

Algal biodiesel is considered one of the most promising alternatives to traditional biofuels, due to 

its high productivity per hectare and minimal land use. 

o Spirulina: Another type of algae with high lipid content, particularly beneficial for producing 

biodiesel in areas where land use is limited. Spirulina’s fast-growing nature makes it an attractive 

source for renewable fuel production. 

o Scenedesmus obliquus: A freshwater algae species, frequently studied for its ability to produce 

biofuels. This species is considered for its potential to generate significant lipid yields under 

controlled cultivation. 

• Fatty Acid Methyl Esters (FAMEs) Studied: 

o Methyl Palmitate: An ester derived from Palmitic acid, this saturated fatty acid ester has a higher 

melting point and is useful for improving the low-temperature properties of biodiesel. 

o Methyl Stearate: Derived from Stearic acid, this saturated ester contributes to biodiesel stability 

and is commonly used in high-quality biodiesel formulations. 

o Methyl Oleate: An unsaturated ester obtained from Oleic acid, it is a major component of vegetable 

oils and plays a key role in improving the cold-flow properties of biodiesel. 

o Methyl Linoleate: A polyunsaturated ester from Linoleic acid, this compound provides a lower 

viscosity and enhances the biodiesel's energy content, making it a favorable component in biodiesel 

production. 

o Methyl Linolenate: Another polyunsaturated ester, derived from Linolenic acid, which improves 

biodiesel performance by contributing to its higher oxidative stability and better combustion 

properties. 

3.2 Data Collection and Preparation of Mixtures 

For the preparation of the binary mixtures, the mole fractions of the feedstocks and esters were systematically varied 

to determine their influence on the physical and chemical properties of the resulting mixtures. The mole fraction of 

each component in the mixture was adjusted within the range of 0.0 to 1.0, with the following steps employed for data 

collection and preparation: 

• Mole Fraction Variations: For each binary mixture, the mole fractions of the feedstock oils (Jatropha curcas, 

Karanja, Chlorella vulgaris, Spirulina, Scenedesmus obliquus) and the corresponding FAMEs (Methyl 

Palmitate, Methyl Stearate, Methyl Oleate, Methyl Linoleate, Methyl Linolenate) were varied from 0.0 (pure 
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feedstock or ester) to 1.0 (pure ester or feedstock). This comprehensive variation allowed for the study of 

different blending behaviors and the identification of optimal mixtures for biodiesel production. 

• Measurement of Volumetric Properties: 

o Density: The density of each mixture was measured using a precision pycnometer or densitometer. 

This is essential to understand the mass-volume relationship in the mixtures, which affects the fuel 

efficiency and performance of the resulting biodiesel. 

o Molar Volume: The molar volume of the mixtures was determined using the density and molecular 

weight of each component. This helps assess the packing efficiency and the overall space occupied 

by molecules in the mixture. 

o Ideal Volume: The ideal volume is the volume that would be expected if there were no 

intermolecular interactions between the components in the mixture. It is calculated based on the 

molar volumes of the pure components and their mole fractions. This ideal volume provides a 

baseline for evaluating the deviations observed in the mixtures. 

o Excess Molar Volume: The excess molar volume is the difference between the actual volume of 

the mixture and the ideal volume. A positive excess molar volume indicates repulsive interactions 

between the molecules, while a negative excess molar volume suggests attractive interactions. This 

property is crucial for understanding how the molecules interact at a molecular level, influencing 

the physical properties like viscosity, fuel stability, and flow behavior of the biodiesel. 

These properties—density, molar volume, ideal volume, and excess molar volume—were measured for each binary 

mixture across the entire range of mole fractions. The data collection process was meticulously controlled to ensure 

accuracy, and it provided valuable insights into the molecular interactions occurring between the feedstocks and their 

corresponding FAMEs. The volumetric deviations observed in these measurements help in understanding the 

intermolecular forces and their impact on the performance characteristics of biodiesel blends. 

The comprehensive analysis of these mixtures and their volumetric properties aids in optimizing biodiesel 

formulations, contributing to the production of biofuels with desirable characteristics such as high energy density, low 

viscosity, and improved cold-flow properties. Additionally, it helps assess the suitability of various feedstocks for 

large-scale biodiesel production. 

4. Results 

4.1 Excess Molar Volume Data 

The Excess Molar Volume (Vᴱ) was calculated for mixtures of different feedstocks with various FAMEs. The results 

indicate significant deviations from ideal behavior, which vary depending on the type of feedstock and ester used. For 

instance, mixtures of algae-based feedstocks with Methyl Oleate exhibited more pronounced non-ideal behaviors due 

to the unsaturated nature of the esters. 
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Table 4.1: Excess Molar Volume (Vᴱ) for Binary Mixtures with Methyl Palmitate 

 

The table represents the experimental data for a series of binary mixtures composed of Jatropha curcas, where the 

mole fraction (X₁) of Jatropha curcas is varied from 0.0000 to 1.0000, and the following properties are measured: 

1. Mole Fraction (X₁): This column represents the mole fraction of Jatropha curcas in each mixture. The mole 

fraction varies from 0 (pure ester or other feedstock) to 1 (pure Jatropha curcas). The mole fraction is a way 

to express the proportion of each component in the mixture. 

2. Feedstock: This column identifies the feedstock being studied, in this case, Jatropha curcas for all entries 

in the table. 

3. Density (g/cm³): The density of the mixture is measured for each mole fraction of Jatropha curcas. As the 

mole fraction increases (more Jatropha curcas), the density decreases from 0.860 g/cm³ to 0.772 g/cm³. This 

suggests that as the mixture becomes richer in Jatropha curcas, the overall density decreases. 

4. Molar Volume (cm³/mol): The molar volume is the volume occupied by one mole of the mixture. It increases 

as the mole fraction of Jatropha curcas increases, from 195.0 cm³/mol to 207.6 cm³/mol. This increase in 

molar volume with more Jatropha curcas can be attributed to the molecular structure and the intermolecular 

interactions within the feedstock. 

5. Ideal Volume (cm³/mol): The ideal volume is calculated assuming there are no intermolecular interactions 

between the components of the mixture. It increases with increasing mole fraction of Jatropha curcas, from 

177.4 cm³/mol to 186.6 cm³/mol, as expected when a larger proportion of Jatropha curcas (a higher molar 

volume component) is included in the mixture. 

6. Excess Molar Volume (Vᴱ) (cm³/mol): This column represents the difference between the actual molar 

volume and the ideal volume. It indicates the degree of molecular interaction between Jatropha curcas and 

the other components in the mixture. A positive excess molar volume suggests that the molecules are 

experiencing repulsive interactions, while negative excess volume would suggest attractive interactions. In 

this case, the excess molar volume increases with mole fraction, from 17.6 cm³/mol to 21.0 cm³/mol, which 
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indicates that as the mole fraction of Jatropha curcas increases, the molecules of the mixture are less 

compatible, leading to more repulsive interactions. 

In summary, the table shows the effects of increasing the mole fraction of Jatropha curcas on the physical properties 

of the mixture, highlighting the changes in density, molar volume, and excess molar volume as a result of molecular 

interactions. These properties are crucial for understanding how different feedstocks blend together and their potential 

implications for biodiesel production. 

4.2 Trends in Excess Molar Volume for Various Feedstocks 

The excess molar volume was found to be highest for combinations of Methyl Stearate with Karanja and lowest for 

mixtures of Methyl Linoleate with Jatropha. These findings suggest that certain combinations of feedstocks and esters 

result in more stable and efficient biodiesel mixtures. 

Table 4.2: Excess Molar Volume (Vᴱ) for Binary Mixtures with Methyl Stearate  

 

 

The table shows data for the molecular interactions of Karanja (Pongamia pinnata) as a feedstock for biodiesel 

mixtures with varying mole fractions (X₁) of a fatty acid methyl ester (FAME). For each mole fraction, the table 

presents the corresponding density, molar volume, ideal volume, and excess molar volume (Vᴱ), which measures 

the deviation from ideal mixing behavior. 

Starting with a mole fraction of 0.0000 (pure Karanja), the density of the mixture is 0.861 g/cm³, the molar volume is 

195.4 cm³/mol, and the ideal volume is 178.9 cm³/mol, with an excess molar volume (Vᴱ) of 16.5 cm³/mol. As the 

mole fraction increases, corresponding changes in the density, molar volume, and excess molar volume are observed. 

For instance, at a mole fraction of 0.1270, the density decreases to 0.854 g/cm³, and the molar volume increases to 

196.7 cm³/mol, while the excess molar volume increases to 17.7 cm³/mol, indicating more significant molecular 

interaction between the ester and the feedstock. 

As the mole fraction continues to increase (up to 1.0000), the density gradually decreases to 0.772 g/cm³, and the 

molar volume increases to 207.6 cm³/mol. The excess molar volume also shows a general increasing trend, peaking 

at 25.1 cm³/mol at a mole fraction of 0.8179, and reaching 21.0 cm³/mol at the pure feedstock (X₁ = 1.0000). These 

observations suggest that as the proportion of ester increases, the molecular interactions between Karanja and the ester 

components grow stronger, resulting in larger deviations from ideal mixing behavior. This is reflected in the increasing 

values of excess molar volume, which influence the overall fuel properties of the biodiesel mixture, such as viscosity, 

energy density, and performance under different conditions. 
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In summary, the data reveals how varying the mole fraction of the ester affects the thermodynamic properties of 

Karanja-based biodiesel mixtures. The increasing excess molar volume with the mole fraction highlights the non-ideal 

behavior of the mixture, which plays a crucial role in understanding and optimizing biodiesel performance for specific 

applications. 

5. Discussion 

5.1 Implications for Biodiesel Optimization 

The study offers crucial insights into the molecular interactions that underpin biodiesel's performance. These 

molecular interactions, captured by the Excess Molar Volume (Vᴱ), provide an understanding of how feedstocks and 

fatty acid methyl esters (FAMEs) blend at the molecular level and how these interactions influence key biodiesel 

properties, including viscosity, stability, energy output, and combustion efficiency. 

Viscosity is a critical property for biodiesel, as it affects fuel atomization and combustion efficiency in diesel engines. 

The study's findings indicate that as the mole fraction of ester increases, the excess molar volume also increases, 

reflecting stronger molecular interactions that may lead to increased viscosity. In such cases, optimizing the proportion 

of feedstock and ester components in biodiesel formulations can help adjust the viscosity to desired levels for efficient 

engine operation. 

Cold-flow properties are another important consideration, particularly in regions with colder climates. Unsaturated 

fatty acids, which are typically present in higher concentrations in algae-based and other non-edible feedstocks, play 

a significant role in determining the cold-flow characteristics of biodiesel. The presence of these unsaturated 

compounds causes more substantial deviations from ideal mixing behavior, which in turn influences the crystallization 

temperature and flowability of biodiesel in cold temperatures. The study suggests that the molecular interactions in 

biodiesel blends with higher levels of unsaturated fatty acids will require careful optimization to ensure biodiesel 

remains fluid in low-temperature environments. 

Furthermore, fuel stability is an essential aspect of biodiesel performance. The study's insights into excess molar 

volumes suggest that blending biodiesel with certain feedstocks or esters may influence its oxidative stability, affecting 

how quickly the fuel degrades when exposed to air and heat. By fine-tuning the feedstock-ester ratios, it may be 

possible to enhance biodiesel’s long-term stability, reduce the formation of sediments, and improve storage and shelf 

life. 

By utilizing the excess molar volume data, biodiesel formulations can be tailored to meet specific application 

requirements. These formulations can be optimized to provide better combustion efficiency (the ability to produce 

energy from fuel in an internal combustion engine), improve energy density (the amount of energy stored per unit 

volume), and increase overall fuel performance. These findings are valuable for improving biodiesel blends and 

ensuring they perform optimally under diverse operational conditions. 

5.2 Future Research Directions 

The study opens several avenues for further research aimed at optimizing biodiesel formulations for specific needs. 

One important direction is exploring the temperature dependence of excess molar volumes. As biodiesel blends 

experience different temperatures during transportation, storage, and engine use, understanding how their 

thermodynamic properties change with temperature could provide essential insights for improving fuel performance 

in varying environmental conditions. The temperature dependence could help researchers design biodiesel 

formulations with improved cold-flow properties, ensuring that they remain fluid and effective even in sub-zero 

temperatures. 

Another promising area of research lies in ternary biodiesel mixtures, which involve blending multiple feedstocks 

and esters. Currently, the study primarily focuses on binary mixtures of one feedstock with one ester, but real-world 

biodiesel formulations often include a variety of feedstocks (such as combinations of vegetable oils, animal fats, and 

algae oils) and esters. Ternary mixtures are more complex and may exhibit unique molecular interactions that can 



                IJEETE Journal of Research | ISSN NO: 2394-0573 | Volume 12 | Issue 3| July -September 2025 |                     

               | Peer-Reviewed |Refereed | Indexed | International | Journal as per UGC 2025 Standard Guidelines |       

                                                                                www.ijoeete.com    

 

P a g e  | 305  
 

 

further influence biodiesel properties like viscosity, energy output, and combustion behavior. By studying these 

ternary blends, researchers can develop biodiesel formulations that better meet the requirements of diverse 

applications and operating conditions. 

Moreover, future studies could delve deeper into the long-term stability and performance of biodiesel blends. The 

impact of environmental factors such as humidity, sunlight, and temperature on biodiesel's molecular interactions, 

oxidative stability, and overall performance over extended periods is still not fully understood. Research focused on 

the aging characteristics of biodiesel can help optimize formulations to maintain their quality over time, reducing the 

risk of fuel degradation and improving shelf life. 

Finally, biorefinery integration offers an exciting frontier for research. By incorporating advanced molecular 

understanding of biodiesel's properties into the broader context of biofuel production, biodiesel formulations could be 

optimized in combination with other renewable biofuels, such as bioethanol or biogas. This could lead to the 

development of more efficient, sustainable, and integrated biofuel systems that optimize feedstock use, reduce waste, 

and maximize the overall efficiency of biofuel production. 

6. Conclusion 

In conclusion, this study offers valuable insights into the molecular interactions that govern biodiesel mixtures, with 

a specific focus on the Excess Molar Volume (Vᴱ). By exploring how different feedstocks and fatty acid methyl 

esters interact at the molecular level, this research contributes to the optimization of biodiesel formulations for better 

fuel performance, energy output, and combustion efficiency. The data derived from excess molar volume studies 

can help biodiesel producers tailor blends to meet the demands of specific applications, particularly in terms of 

viscosity, stability, and cold-flow properties. 

As biodiesel continues to gain prominence as a renewable energy source, the ability to optimize its properties for 

diverse operational conditions is crucial for advancing its role in the global energy landscape. The findings of this 

study are therefore of significant importance not only for biodiesel producers but also for researchers focused on the 

development of more efficient, sustainable, and high-performance biofuels. 
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