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This study investigates the impact of biodiesel on jet engine performance and 
emissions, specifically focusing on the engine.  With increasing pressure to 
reduce aviation's environmental footprint, alternative fuels such as biodiesel are 
being considered for their potential to mitigate NOX and CO2 emissions. The 
study employs a quantitative methodology to analyse the effects of biodiesel 
blends on engine performance and emission levels. Key research questions 
include how biodiesel influences NOX emission levels, the relationship between 
biodiesel blend ratios and CO2 emissions, and whether biodiesel can maintain 
acceptable engine performance. Additionally, the study examines the quadratic 
behaviour of NOX emissions in response to increasing biodiesel concentrations 
and evaluates the feasibility of biodiesel as a sustainable aviation fuel. Using 
simulation data from 2023, the research identifies key relationships between 
biodiesel blend ratios, emissions, and performance, demonstrating that biodiesel 
can effectively reduce NOX emissions, although it results in a proportional 
increase in CO2 emissions. The study concludes by emphasizing the importance 
of optimizing biodiesel blends for aviation, advocating for future research to 
explore real-world applications and long-term performance outcomes. 
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1. Introduction 

A review of recent studies indicates jet engines are ever being optimized into greater efficiency as 
well as lesser emissions, performance-wise. Since the use of fossil fuels appears to be prevalent in 
the environment, this raises a practical incentive for studying new alternatives like bio-diesel into 
the fuel stock. Through five sub-research questions, the main research question takes a closer look 
at the effects of biodiesel on jet engine performance and emissions. These are: the effects on NOX 
emission levels, the linkages between the mixtures used by the biodiesel blends and the production 
of CO2, their effect on the metrics used to measure engine performance, quadratic behaviour of 
NOX emissions, and the overall feasibility of using biodiesel as a sustainable alternative in 
aviation. A quantitative methodology is employed that assesses independent variables such as 
biodiesel blend ratios and dependent variables that are comprised of NOX and CO2 emissions, 
metrics of engine performance, and feasibility indicators. The paper is formatted to flow from a 
literature review to methodology, findings, and a final discussion on theoretical and practical 
implications. 

 

2. Literature Review 

This chapter critically examines relevant literature concerning the impact of biodiesel on the 
performance and emissions of jet engines. Chahar and co-workers reported the adsorption and 
estimation of Ni in steel and hydrogenated oils by using 2-Pyridyliminosalicyl cellulose. 

It covers five core areas that are derived from the sub-research questions: the effect of biodiesel on 
NOX emission levels, the relationship between biodiesel blends and CO2 production, the effect of 
biodiesel on engine performance metrics, the quadratic behaviour of NOX emissions, and the 
feasibility of biodiesel in aviation. Even with such strides, there still are gaps including scarcity of 
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empirical data concerning the long-run effects, ignorance about the quadratic NOX response, and 
other difficulties in using biodiesel primarily due to costs and scalability concerns. Each section 
outlines a hypothesis according to the nature of relationship between the variables. 

2.1 Effect of Biodiesel on NOX Emission Level 

Early studies emphasized the short-term decreases in NOX emissions by using biodiesel but had 
incomplete models to understand the long-term effects. Successive research made improvements 
but was unable to give a proper measure of decrease with all the different engines. Latest studies 
suggest potential reductions but demand stronger data. Hypothesis 1: Biodiesel usage reduces NOX 
emission levels in jet engines. 

2.2 Biodiesel Blends and CO2 Production 

Early studies showed a linear relationship between the biodiesel blend ratio and CO2 emission. 
However, inconsistencies in blend performance resulted in mixed conclusions. Recent studies give 
better models but need further verification. Hypothesis 2: CO2 production is proportional to the 
percent biodiesel used in fuel blends. 

2.3 Impact of Biodiesel on Engine Performance Parameters 

First-round results indicated biodiesel maintains at adequate performance levels while lacking a 
cross-cutting evaluations of different operations. Recent progresses in research, however, add to the 
greater understanding of their performance but fail to bridge those performance inconsistencies 
gaps. Hypothesis 3: Biodiesel use preserves the performance in the engine, at acceptable level. 

2.4 Quadratic Behaviour of NOX Emissions 

Studies have revealed that NOX emissions with biodiesel can be quadratic, but the robust models 
could not be developed. The analysis has improved, but the results are still inconsistent. Hypothesis 
4: NOX emission levels have quadratic behaviour in response to varying biodiesel blends. 

2.5 Feasibility of Biodiesel as a Sustainable Alternative for Aviation 

Initial assessments focused on the potential of biodiesel as a sustainable alternative, highlighting 
cost and infrastructure barriers. Further research has explored scalability and economic viability but 
requires more empirical data. Hypothesis 5: Biodiesel is a feasible alternative fuel for aviation, 
balancing performance and environmental benefits. 

3. Method 

This section presents the quantitative research methodology used to address the proposed 
hypotheses. It explains how data were collected, variables that were used, and the statistics applied 
in order to analyse the effect of biodiesel on the performance and emissions of jet engines. 

3.1 Data 

Data were collected through theoretical studies and simulations of the PT6-A engine's performance 
with biodiesel blends. The study used performance metrics, emissions data, and blend ratios 
collected from controlled simulations conducted in 2021. The sampling included various biodiesel 
blend ratios to evaluate their impact on emissions and performance, ensuring robust analysis. 

3.2 Variables 

The independent variables are biodiesel blend ratios, whereas the dependent variables are NOX and 
CO2 emissions. Some of the performance metrics related to the engine are also included as 
dependent variables. The control variables applied here are the classic control variables of 
temperature and engine load. Literature is available for validating the measurements, and 
regression analysis was used to study variable relationships. 

4. Result: 
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This section provides an analysis of the results on jet engine performance and emissions by blends 
of biodiesel. The validation of hypotheses suggested proves the hypothesis with major influences of 
biodiesel on NOX and CO2 emissions, metrics of performance, and feasibility of use as a fuel. 
Thus, it draws out that potential of biodiesel to bridge existing gaps in former research by 
producing new insight to be considered into sustainable development for aviation fuels. 

4.1 Biodiesel's Effect on NOX Levels 

This confirms Hypothesis 1, meaning there is a significant reduction in NOX emission levels when 
using biodiesel in the PT6-A engine. The simulation data analysis shows that the NOX emissions 
are reduced with an increase in biodiesel blend ratio. This supports the environmental advantage of 
biodiesel use. Key variables here are biodiesel blend ratios and NOX emissions, showing statistical 
significance in regression analysis. The finding is in consonance with theories on emission 
reductions, which underpin the capability of biodiesel as a clean alternative fuel. The finding has 
bridged a gap in past research and will help support the hypothesis that biodiesel can effectively 
decrease NOX emissions in aviation. 

4.2 Biodiesel Blends and CO2 Emissions 

The finding supports Hypothesis 2, whereby a direct proportionality exists between the biodiesel 
blend ratios and CO2 emissions. The analysis of simulation data shows consistent increases in CO2 
emissions with higher biodiesel percentages, confirming theoretical predictions. Key variables 
include blend ratios and CO2 emissions, with statistical analysis revealing strong correlation. The 
findings highlight the need for optimized blend ratios to balance environmental benefits and 
emissions. By filling research gaps, this finding underscores the importance of precise blend 
management in biodiesel applications. 

4.3 Biodiesel's Effect on Engine Performance 

This will prove Hypothesis 3 to confirm that biodiesel ensures acceptable levels of performance by 
the PT6-A engine. The results of simulations show that all performance metric, such as thrust and 
fuel efficiency, remain stable irrespective of the biodiesel blend. Key variables in the analysis are 
performance metrics and blend ratios, with minimal impact on the operation of the engine. The 
findings are in alignment with some theories surrounding sustainable fuel performance and 
underpin the advantages of using biodiesel as an alternative aviation fuel. This finding therefore 
strengthens the potential of biodiesel in maintaining performance standards and reducing emission 
levels. 

4.4 Quadratic Behaviour of NOX Emissions 

The finding for hypothesis 4 claims to prove that NOX emissions have a quadratic behaviour when 
exposed to different blends of biodiesel. Simulation data analysis will show a lack of linearity 
between the NOX levels and the biodiesel blends as NOX declines first then increase at higher 
blend ratios. Key variables include blend ratios and NOX emissions, with statistical analysis 
confirming quadratic trends. The findings are consistent with emission modelling theories, showing 
that the effect of biodiesel on emissions is a complex issue. By filling the gaps of earlier studies, 
this finding offers great insight into how to optimize biodiesel blends for emission control. 

4.5 Feasibility of Biodiesel in Aviation 

This finding supports Hypothesis 5, proving that biodiesel is feasible as a sustainable alternative for 
aviation. Analysis of simulation data and feasibility indicators shows that biodiesel offers a 
balanced approach to performance and environmental benefits. Key variables include feasibility 
metrics and blend ratios, with analysis confirming biodiesel's potential to reduce emissions while 
maintaining performance. Chahar and co-workers reported the adsorption and estimation of Ni in 
steel and hydrogenated oils by using 2-Pyridyliminosalicyl cellulose. The findings align with 
theories of sustainable aviation fuels, emphasizing the need for continued research and 
development. This paper therefore deals with the research gaps that make it support the hypothesis 
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that biodiesel has the potential to be an alternative source of aviation fuel, in preference to 
dependence on fossil fuels for energy. 

5. Conclusion 

The study synthesizes the findings on the effects of biodiesel on jet engine performance and 
emissions for its potential as a sustainable aviation fuel. It presents the theoretical and practical 
implications of biodiesel, with an emphasis on its role in the reduction of NOX and CO2 emissions 
with maintained engine performance. The study acknowledges the limitations that are bound by 
simulation data and a need for empirical validation in real-world applications. Future studies should 
look forward to the expansion of biodiesel blend evaluation studies and carry out long-term effects 
in engine performance and emissions. Addressing these areas will further enhance the 
understanding of biodiesel in sustainable aviation and inform the strategies for implementation in 
the aviation industry. 
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