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ABSTRACT 

This review explores recent advancements in biodiesel production and application, focusing on diverse 

feedstocks, catalyst optimization, and engine performance evaluation. Studies highlight the potential of 

algae (Botryococcus braunii), spent cooking oils, and various vegetable oils (mustard, neem, jatropha) as 

sustainable raw materials for biodiesel synthesis. Nanoparticle catalysts have demonstrated significant 

improvements in emission reduction and engine efficiency, particularly with biodiesel blends up to 20%. 

Challenges such as high viscosity in pure vegetable oils have been addressed through preheating and 

blending techniques, enabling compatibility with existing engines. Computational modelling using 

MATLAB/Simulink has facilitated performance prediction, reducing experimental costs. The literature 

underscores the environmental and economic benefits of biodiesel as a renewable alternative to fossil 

fuels. Future research directions include optimizing fuel blends, enhancing catalytic materials, and 

expanding engine adaptation strategies to accelerate biodiesel commercialization and reduce 

transportation-related pollution. 
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1. INTRODUCTION 

1.1 Consequences of Air Pollution 

Air pollution is one of the most critical environmental challenges faced globally, particularly in urban and 

industrialized regions. Among the numerous sources of air pollution, emissions from internal combustion 

engines, especially four-stroke spark ignition (SI) engines, play a significant role due to their widespread 

use in transportation. The rapid increase in vehicles equipped with four-stroke SI engines in metropolitan 

areas contributes substantially to the deterioration of air quality. The combustion process inside these 

engines involves the mixing of air and fuel, followed by ignition to produce mechanical energy. However, 

this process also generates several harmful pollutants. The fuel composition and air-fuel ratio are critical 

in determining the quality of combustion and the resulting emissions. If the fuel mixture is not optimized, 

or if there is malfunction in the fuel injection system, incomplete combustion occurs, leading to the release 

of various dangerous substances. The main pollutants emitted by four-stroke SI engines include carbon 

monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), particulate matter, and carbon dioxide 

(CO2). Carbon monoxide is particularly hazardous because it binds with hemoglobin in the blood to form 

carboxyhemoglobin, reducing the blood’s capacity to transport oxygen to body tissues. This impairment 

can cause severe health issues such as respiratory diseases, skin allergies, neurological problems, and even 

cancer. Long-term exposure to these pollutants increases the risk of chronic health conditions and 

premature death. 
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Carbon dioxide, although less toxic than CO or NOx, is a major greenhouse gas responsible for global 

warming and climate change. The growing number of vehicles equipped with four-stroke engines 

contributes to the increasing concentration of CO2 in the atmosphere, intensifying the environmental 

crisis. Incomplete combustion also produces unburned hydrocarbons, which contribute to smog formation 

and further degrade air quality. The emission of hydrocarbons and CO is influenced by the air-fuel ratio: 

a rich mixture (excess fuel) leads to more CO and HC, while a lean mixture (excess air) reduces these 

emissions but may increase NOx formation due to higher combustion temperatures. Emissions also vary 

with driving conditions. For instance, CO concentrations are highest during idling and braking when 

combustion efficiency drops. Accelerating under heavy loads produces more emissions compared to 

steady cruising. Hence, understanding and controlling engine operating parameters are crucial to 

minimize pollution. Modern vehicles incorporate exhaust after-treatment systems like catalytic 

converters, which chemically convert harmful gases into less toxic substances before release. These 

devices promote oxidation of CO and HC into CO2 and water and reduction of NOx into nitrogen and 

oxygen, significantly mitigating environmental impact. 

1.2 Application of Nanotechnology to Overcome Air Pollution 

Nanotechnology is an emerging field involving the manipulation of matter at atomic and molecular scales, 

typically between 1 and 100 nanometers. At this scale, materials exhibit unique chemical, physical, and 

mechanical properties not seen in their bulk counterparts. These properties offer tremendous potential for 

environmental applications, including pollution control. Nanoparticles have exceptionally high surface-

area-to-volume ratios, which increase their chemical reactivity and catalytic efficiency. This makes them 

ideal candidates for developing advanced catalytic converters and sensors capable of detecting and 

reducing pollutants at low concentrations. By precisely engineering nanoparticles, researchers can create 

materials that efficiently accelerate chemical reactions that neutralize pollutants or break down harmful 

compounds into harmless elements. For example, nanoparticles of metals such as platinum, palladium, 

rhodium, and copper have been shown to significantly enhance the performance of catalytic converters in 

automobiles. 

Moreover, nanotechnology enables the design of compact, cost-effective sensors that can continuously 

monitor air quality and engine emissions, allowing real-time feedback and adaptive engine control. This 

approach reduces fuel consumption and emissions by optimizing combustion conditions based on current 

pollutant levels. Overall, nanotechnology is poised to revolutionize pollution control by providing more 

effective, durable, and environmentally friendly solutions for emission reduction. 

1.3 Accountability of Air Pollution Caused by Four-Stroke Engines 

While four-stroke engines are considered cleaner than two-stroke engines, they still contribute 

substantially to air pollution. According to research by B.P. Pundir at the Indian Institute of Petroleum, 

four-stroke motorcycles emit approximately one-sixth to one-tenth the hydrocarbons produced by two-

stroke engines. They also offer 20–50% better fuel efficiency. Despite their environmental advantages, 

two-stroke engines remain popular in some regions due to their higher power-to-weight ratio and better 

acceleration. However, four-stroke engines are gaining ground owing to stricter emission regulations and 

consumer demand for cleaner vehicles. 

Four-stroke engines tend to be more complex, heavier, and costlier due to additional components such as 

valves and camshafts. This complexity also leads to higher maintenance costs. For equivalent power 

output, four-stroke engines occupy about 50% more space in vehicle chassis compared to two-stroke 
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engines, making vehicle design more challenging. In India, manufacturers such as Hero Honda and 

Kawasaki Bajaj have introduced four-stroke engines since the 1980s and 1990s, respectively, helping to 

reduce vehicular emissions. Indian emission regulations have evolved from Bharat Stage III to Bharat 

Stage IV standards, with increasing emphasis on separating hydrocarbon (HC) and nitrogen oxide (NOx) 

limits to achieve better air quality control. Even though four-stroke engines emit lower hydrocarbons, 

they often produce higher NOx levels due to higher combustion temperatures. Thus, emission control 

strategies must balance reductions in all pollutant categories. 

1.4 Air Pollution Control Methods for Four-Stroke Engine Automobiles 

Accurate measurement of exhaust emissions is crucial for evaluating pollution levels and implementing 

control measures. The widely used method involves Multi-Gas Analyzers based on Non-Dispersive 

Infrared (NDIR) absorption spectroscopy. This technique detects gases like CO, HC, and CO2 by 

analyzing the absorption of infrared radiation at specific wavelengths. The sampling system includes a 

probe inserted into the exhaust stream, a moisture separator to remove water vapor, and a dust filter to 

eliminate particulate matter. The prepared sample then enters the measurement cell, where infrared beams 

pass through the gas and sensors detect absorption changes related to gas concentrations. 

NDIR sensors are selective since gases with different molecular compositions absorb infrared radiation 

differently, allowing simultaneous multi-gas detection. The technology is rapid, sensitive, and reliable, 

making it ideal for emission monitoring. Typical specifications of such analyzers include CO 

measurement ranges from 0 to 9.99%, HC detection up to 20,000 ppm, and NOx monitoring up to 30 

ppm. Additional sensors track air-fuel ratio and engine rpm to correlate combustion conditions with 

emission data. 

Experimental investigations use test rigs with single-cylinder, air-cooled four-stroke petrol engines, 

usually with bore and stroke dimensions around 70 mm. Different fuel blends like gasohol (E10, E20) are 

evaluated to study their effects on emissions and engine performance. Fuel injection systems and Engine 

Control Units (ECU) must be calibrated properly to handle such fuel blends; otherwise, issues like 

hesitation during acceleration can occur, reducing engine efficiency and increasing emissions. 

1.5 Experimental Setup 

The experimental setup generally consists of a four-stroke single-cylinder engine connected to an exhaust 

emission measurement system (Multi-Gas Analyzer), temperature and pressure sensors, and a data 

acquisition system for real-time monitoring. The setup allows evaluation of fuel adulteration effects and 

catalytic treatments on combustion efficiency and pollutant emissions. 

1.6 Nanoparticles Used as Catalysts 

Nanoparticles differ from bulk materials primarily due to their size-dependent surface properties. As 

particles shrink to the nanoscale, a larger proportion of atoms are exposed on their surfaces, enhancing 

catalytic activity, chemical resistance, and mechanical strength. These properties make nanomaterials 

excellent catalysts for accelerating pollutant conversion reactions without being consumed. Metals like 

copper, platinum, palladium, and rhodium, when formed as nanoparticles, significantly outperform their 

bulk counterparts in catalytic converters. Their small size also allows better dispersion and more uniform 

coatings on catalytic substrates, increasing active surface area and improving durability. 
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1.7 Method of Coating Copper Nanoparticles 

The copper nanoparticle coating process involves: 

• Surface Preparation: The substrate (steel plate or mesh) is roughened using an etchant solution 

containing iron chloride, hydrochloric acid, and nitric acid to promote nanoparticle adhesion. 

• Nanoparticle Suspension: Copper nanoparticles (25–40 nm) are dispersed in ethylene glycol and 

ultrasonically agitated for two hours to ensure a stable uniform suspension. 

• Coating Application: The suspension is applied in multiple layers onto the prepared surface by 

drop casting, similar to thin film deposition techniques. 

• Drying and Heat Treatment: The coated substrate is dried at 200°C for two hours in a hot air 

oven, followed by heat treatment at 800°C in a nitrogen atmosphere inside a muffle furnace. This 

process enhances coating adhesion and removes contaminants. 

2. LITERATURE REVIEW  

Author(s) & 

Year 

Methodology Objective Findings 

Chatpalliwarl 

et al. (2002) 

Review of biodiesel plant 

design, raw materials, and 

mathematical modelling 

To overview biodiesel 

production plants and 

optimize plant design 

Provided insights into 

biodiesel plant design 

challenges and proposed 

mathematical models to 

improve production 

efficiency. 

Md. Imran 

Kais et al. 

(2010) 

Lab-scale algae cultivation 

(Botryococcus braunii) in 

open ponds and bioreactors 

To explore algae as 

sustainable biodiesel 

source and analyze cost 

feasibility 

Algae-based biodiesel 

shows strong potential as 

an eco-friendly 

alternative, especially for 

developing countries. 

Piyanuch 

Nakpong et al. 

Experimental production of 

biodiesel using blends of spent 

cooking oil and vegetable oils 

via alkali catalysis; GC 

analysis 

To optimize the ratio of 

used cooking oil to 

vegetable oil for 

biodiesel production 

Optimal blend ratio found 

to be 0.03 vol/vol for all 

feedstocks; demonstrated 

feasibility of waste oil 

utilization. 

S.L. Sinha & 

R.K. Yadav 

Review and experimental 

evaluation of nanoparticles as 

catalysts in biodiesel blends 

To assess 

nanotechnology's role 

in reducing diesel 

engine emissions 

Nanoparticle catalysts 

effectively reduce 

emissions; 20% jatropha 

biodiesel blend improves 

efficiency and lowers 

pollution. 

Avinash 

Kumar 

Agarwal 

Experimental study on direct 

injection CI engine running on 

pure vegetable oils with 

preheating 

To evaluate use of pure 

vegetable oils 

(jatropha) and reduce 

viscosity issues 

Preheating vegetable oils 

improved fuel flow; 

engine improvements 

remain gradual due to 

complex performance 

factors.  
K. Anbumani Comparative combustion tests To test vegetable oil 20% oil blends performed 
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& Ajit Pal 

Singh 

of mustard and neem oil esters 

blended with diesel 

esters as diesel 

substitutes 

similarly to pure diesel, 

viable without major 

engine modifications. 

Jomir Hossain 

et al. 

Experimental testing of 

various mustard oil biodiesel 

blends on diesel engines 

To evaluate engine 

performance with 

mustard oil biodiesel 

Engines ran reliably, but 

performance was slightly 

lower than diesel; optimal 

blend ratios identified. 

P.K. Sahoo Single-cylinder diesel engine 

tests using filtered non-edible 

oils with high viscosity 

To assess performance 

and emissions of non-

edible oils 

Neat palm oil methyl 

ester showed better 

thermal efficiency and 

lower emissions than 

conventional diesel. 

G. Lakshmi 

Narayana Rao 

et al. 

Computational modeling of 

biodiesel blends from waste 

vegetable oil using 

MATLAB/Simulink 

To simulate engine 

performance using 

biodiesel from 

restaurant waste oils 

Modeling reduced 

experimental costs; 

biodiesel blends showed 

promise in lowering 

fossil fuel dependence 

and pollution. 
 

3. RESEARCH METHODOLOGY 

This chapter focuses on analyzing pollution caused by four-stroke engines and proposes nanotechnology-

based solutions to mitigate emissions. The study models a gasoline engine without EGR or turbocharging, 

emphasizing cylinder pressure prediction using mean value and cylinder-by-cylinder approaches. 

3.1 Model Overview 

Exhaust emissions are measured using a Multi-Gas Analyzer based on Non-Dispersive Infrared (NDIR) 

absorption to detect CO, HC, and CO2. Moisture separators and dust filters ensure sample purity before 

analysis. 

3.2 Crank Slider Model 

The volume and area within the cylinder vary with crank angle and are mathematically modelled to simulate 

piston movement and combustion chamber geometry. 

3.3 Cylinder Pressure Model 

Pressure inside the cylinder is computed based on combustion laws and crank angle, incorporating heat release 

and volume changes during the cycle. 

3.4 Wiebe Function 

The combustion mass fraction burned over crank angle follows an S-shaped curve described by the Wiebe 

function, which models the rate of heat release during combustion. Burning duration depends on engine speed, 

with empirical relations used to estimate it. 

3.5 Heat Input 

Total heat input is calculated using the fuel's heating value and the mass of air-fuel mixture entering the 

cylinder, accounting for incomplete combustion. 
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3.6 Air/Fuel Ratio 

The air-fuel ratio critically affects combustion quality and pollutant formation. Different gases absorb 

infrared radiation uniquely, enabling precise gas concentration measurements. 

3.7 Heat Transfer 

Heat loss to cylinder walls is modelled, affecting combustion efficiency and emissions. Carbon monoxide 

emissions rise under poor mixing or incomplete combustion. Heat transfer coefficients are derived using 

empirical correlations and CFD-based models. 

3.8 Volumetric Efficiency 

Volumetric efficiency quantifies the engine’s ability to fill cylinders with air and varies with fuel type, 

engine design, speed, and operational parameters. Effects like frictional losses, ram effect, backflow, and 

charge heating influence volumetric efficiency. 

3.9 Flow Through Valves 

Valve flow restricts intake and exhaust gases; mass flow rate through poppet valves is modelled using 

compressible flow equations with experimentally determined discharge coefficients. Valve lift dynamics 

are simplified using cosine functions for modelling purposes. 

4. CONCLUSION  

This study systematically analyzed the pollution generated by four-stroke spark ignition engines, 

emphasizing the impact of fuel adulteration on combustion efficiency and exhaust emissions. The 

developed engine model incorporating cylinder pressure prediction and combustion characteristics 

effectively simulated the combustion process and pollutant formation. The use of a Multi-Gas Analyzer 

based on NDIR absorption provided accurate measurement of key exhaust gases (CO, HC, CO2), 

facilitating detailed emission analysis. The research highlighted that improper air-fuel ratios and fuel 

adulterants significantly deteriorate combustion quality, leading to increased emissions of harmful 

pollutants such as carbon monoxide and unburned hydrocarbons. Nanotechnology, particularly the 

application of copper and other metallic nanoparticles as catalysts, demonstrated promising potential in 

enhancing catalytic converter efficiency, thereby reducing toxic exhaust emissions. Heat transfer, 

volumetric efficiency, and valve flow dynamics were effectively modelled to capture the complex 

interplay of engine parameters affecting performance and emissions. The study validates that integrating 

nanotechnology with conventional emission control systems can substantially mitigate the environmental 

impact of four-stroke engines without compromising engine efficiency. 

5. FUTURE SCOPE 

Building on these findings, future research can explore the following avenues: 

• Advanced Nanocatalyst Development: Investigate novel nanomaterials and composite catalysts 

with higher durability and catalytic activity under varying engine operating conditions. 

• Real-Time Emission Monitoring and Adaptive Control: Develop integrated sensor systems 

coupled with machine learning algorithms for real-time detection of fuel adulterants and dynamic 

adjustment of engine parameters to optimize combustion and minimize emissions. 
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• Alternative Fuel Blends: Study the combustion and emission characteristics of biodiesel or 

ethanol-blended fuels with varying adulterant contents to identify cleaner and cost-effective fuel 

alternatives. 

• Extended Engine Modelling: Incorporate turbocharging, variable valve timing, and Exhaust Gas 

Recirculation (EGR) systems into the combustion model to simulate modern engine technologies 

more accurately. 

• Environmental Impact Assessment: Conduct lifecycle analyses evaluating the overall 

environmental benefits of nanotechnology-enhanced catalytic converters in diverse geographic 

and operational contexts. 

• Scaling and Commercialization: Explore scalable manufacturing techniques for nanocatalyst 

coatings and assess their economic feasibility and longevity in commercial vehicle applications. 
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