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Abstract: This study investigates strategies to enhance the efficiency of Spark Ignition (SI) engine power 

plants while simultaneously reducing their emissions footprint through alternative fuels, specifically ethanol 

and compressed natural gas (CNG). As global energy demands continue to rise and environmental concerns 

intensify, optimizing SI engine performance has become imperative. This research adopts a comprehensive 

approach that integrates advanced design modifications, fuel optimization, and innovative operational 

strategies to minimize emissions. Numerical findings demonstrate that implementing enhanced combustion 

chamber designs and optimized fuel injection systems can lead to a thermal efficiency increase of up to 15%, 

elevating baseline thermal efficiency from 25% to 40%. The adoption of alternative fuels such as ethanol and 

CNG significantly reduces greenhouse gas emissions; ethanol blends achieve up to 30% lower CO2 

emissions compared to conventional gasoline, decreasing emissions from 2.31 kg CO2 per liter of gasoline to 

1.61 kg CO2 per liter of ethanol. In contrast, CNG shows even greater potential for reducing the emissions 
footprint, with CO2 emissions as low as 0.18 kg CO2 per megajoule, significantly lower than those from 

traditional fuels. Additionally, the introduction of smart control systems and predictive maintenance strategies 

results in a 20% reduction in operational downtime, from 15% to 12% of total operational time, contributing 

to a 10% overall efficiency improvement.  
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1. Introduction: 
The global demand for sustainable energy solutions is 

increasingly critical, particularly in the power generation 

sector, where traditional fossil fuel-based plants 

significantly contribute to carbon emissions and climate 

change [1-5]. The transition to cleaner energy sources is 

essential, with gas turbines (GT) emerging as pivotal due to 

their high thermal efficiency and adaptability to alternative 

fuels like hydrogen and ammonia, which can reduce CO2 

emissions by up to 100% in specific models[6-13]. 

Integrating renewable energy sources with effective energy 

management strategies can substantially lower greenhouse 
gas emissions while providing economic benefits[14]. 

Additionally, supercritical CO2 power generation 

technologies present a promising avenue for enhancing 

efficiency and reducing environmental impact. A robust 

policy framework is also necessary to support this 

transition, promoting technological innovation and 
equitable access to sustainable solutions [15-17]. 

Reducing emissions in power generation relies on 

technologies like carbon capture and renewable energy 

integration. Gas turbines (GT) are being modified to use 

cleaner fuels such as natural gas, hydrogen, and ammonia, 

significantly lowering CO2 emissions in specific models[6, 

18-20]. Carbon capture and storage (CCS) technologies are 

also being implemented in coal-fired plants to reduce their 

environmental impact. Renewable energy sources like wind 

and solar, alongside energy storage, enhance grid stability 

and support a resilient energy infrastructure [21-23]. These 
advancements are crucial for addressing climate change and 

ensuring a sustainable energy future. Emissions from 

traditional fuels in spark ignition engines contribute to air 

pollution, releasing harmful pollutants like carbon 

monoxide, nitrogen oxides, and hydrocarbons, posing 
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serious health risks. Urbanization exacerbates these 

challenges, driving the need for alternative fuels like 

biomass, hydrogen, and methanol, which can mitigate 

emissions. Additionally, advancements in engine 

technology, such as cylinder deactivation strategies, show 

promise in enhancing fuel efficiency and reducing 
emissions. Transitioning to cleaner energy sources and 

improving technologies are critical for addressing the 

adverse effects of fossil fuel reliance on health and the 

environment [24-28]. 

Biofuels, hydrogen, and electric options are emerging 

as viable replacements for spark ignition engines, each with 

unique benefits and challenges. Biofuels, derived from 

agricultural waste and algae, lower reliance on fossil fuels, 

though large-scale production remains complex [29-33]. 

Green hydrogen produced from renewable sources presents 

a promising solution, though its production and storage 

pose economic and technical challenges. Studies indicate 
that hydrogen blends with gasoline can enhance combustion 

efficiency and reduce emissions in these engines. 

Prioritizing these cleaner solutions can lead to substantial 

environmental and public health benefits [34-37]. Ethanol 

and compressed natural gas (CNG) are recognized for their 

environmental benefits in spark ignition engines. Ethanol, 

derived from renewable biomass, enhances combustion 

efficiency, leading to lower emissions, and is biodegradable 

and non-toxic[6]. Studies suggest increasing ethanol 

content in biofuels can improve thermal efficiency and 

knock resistance, though it may increase nitrogen oxides 
and hydrocarbons in certain conditions [14]. Similarly, 

CNG, primarily composed of methane, offers cleaner 

combustion with significantly lower nitrogen oxides and 

minimal particulate matter[15]. The integration of ethanol 

as an alternative fuel in power plants presents significant 

environmental and operational advantages, particularly in 

the context of sustainable energy transitions. Ethanol, 

characterized by a lower carbon footprint and higher energy 

density compared to traditional fossil fuels can enhance 

combustion efficiency and reduce harmful emissions, such 

as carbon monoxide and unburned hydrocarbons. Studies 

indicate that ethanol-blended fuels can improve thermal 
efficiency and reduce fuel consumption in power generation 

systems, aligning with the goals of a circular bio-economy. 

Furthermore, the optimization of ethanol-powered internal 

combustion engines has demonstrated substantial increases 

in brake power and thermal efficiency, alongside notable 

reductions in greenhouse gas emissions. However, the 

economic feasibility of retrofitting existing power plants to 

utilize ethanol will largely depend on local fuel availability 

and infrastructure costs, necessitating careful consideration 

of these factors in operational planning [5] [38, 39]. 

To optimize ethanol and CNG as fuels, precise tuning 
of engine parameters, including ignition timing and fuel 

injection strategies, is necessary. Research shows 

integrating artificial neural networks with response surface 

methodology can improve the efficiency of ethanol engines, 

achieving up to 29.8% increases in brake thermal efficiency 

and reducing CO and hydrocarbons significantly[40]. Dual-

fuel systems, such as CNG and ethanol, have shown 

improved combustion characteristics, leading to reduced 

emissions and enhanced performance[41]. These alternative 

fuels not only lower carbon footprints but also align with 

sustainable energy goals[42]. Ethanol and CNG also 

provide economic sustainability. Ethanol, derived from 
crops like corn and sugarcane, supports rural job creation 

and contributes to greenhouse gas reduction, with studies 

showing up to a 54% decrease in emissions when used in 

transportation. CNG, being cheaper than traditional fuels, 

offers substantial savings, especially in the public 

transportation and logistics sectors. Both fuels can be 

integrated into existing engine technologies with minimal 

modifications, lowering the investment for adoption. By 

prioritizing these alternative fuels, countries can enhance 

energy independence, stimulate economic growth, and 

address pressing environmental challenges [43-48]. 

Overall, the transition to alternative fuels like ethanol 
and CNG represents a promising step toward a sustainable 

energy future. CNG offers lower carbon emissions and 

higher knock resistance, achieving performance comparable 

to gasoline engines with optimized injection strategies. 

Ethanol, particularly in high blends, improves combustion 

efficiency and reduces pollutants, though it may increase 

CO2 emissions due to higher fuel consumption. Both fuels 

present advantages in production costs and potential 

savings, though infrastructure challenges remain for 

widespread adoption. This transition is crucial for a 

sustainable energy future. 
 

2. Background and Previous Studies on Alternative 

Fuels and SI Engine Modifications: 

Spark ignition (SI) engines, widely utilized in 

automobiles and machinery, operate on a four-stroke cycle 

comprising intake, compression, power, and exhaust 

strokes, with performance heavily influenced by fuel type, 

air-fuel mixture, and ignition timing. Recent studies 

highlight the potential of alternative fuels, such as 

compressed biomethane gas (CBG) and alcohols, which can 

enhance fuel efficiency and reduce emissions; for instance, 

CBG demonstrated a maximum brake thermal efficiency 
(BTE) of 23.33% and lower emissions compared to 

traditional fuels[40] [49, 50]. The future of SI engines is 

projected to focus on improving performance and utilizing 

cleaner fuels, addressing both efficiency and environmental 

concerns [41, 51-53]. Additionally, the variability in 

combustion characteristics of alternative fuels necessitates 

robust ignition systems to maintain performance while 

minimizing spark plug [42, 54-56]. Overall, advancements 

in fuel technology and engine design are crucial for 

optimizing SI engine performance and sustainability[57-

59]. 
Fuel types significantly influence the performance 

and emissions of spark ignition (SI) engines, with gasoline 

being the most prevalent due to its high energy content and 

ease of evaporation. However, alternative fuels like ethanol, 

methanol, and compressed biomethane gas (CBG) are 

gaining traction for their potential to reduce greenhouse gas 
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emissions and improve fuel efficiency. Ethanol, while 

having a high octane rating, presents challenges such as 

lower calorific value and corrosiveness, which can be 

mitigated by blending it with diesel, resulting in improved 

brake-specific fuel consumption (BSFC) and reduced 

emissions[60]. Methanol, despite its higher consumption 
rates and toxicity, shows promise in certain blends but is 

less favorable compared to ethanol[6] [61-63]. CBG has 

demonstrated superior performance metrics, achieving a 

maximum brake thermal efficiency (BTE) of 23.33% and 

lower emissions compared to other fuels[40]. The 

combustion characteristics are also affected by factors like 

ignition timing and air-fuel ratios, which are critical for 

optimizing engine performance and minimizing 

pollutants[64]. Ethanol and compressed natural gas (CNG) 

are increasingly recognized as viable alternatives to 

gasoline in spark ignition engines, each presenting unique 

benefits and challenges. Ethanol, a renewable biofuels with 
a high octane rating, enhances engine performance by 

allowing higher compression ratios, which can improve 

thermal efficiency and reduce emissions of certain 

pollutants, such as hydrocarbons and carbon monoxide[65]. 

However, its lower energy density compared to gasoline 

can lead to increased fuel consumption[6]. Conversely, 

CNG offers a cleaner combustion profile, significantly 

lowering greenhouse gas emissions and allowing for leaner 

combustion strategies that enhance efficiency, particularly 

at partial loads[66]. While CNG demonstrates lower NOx 

emissions under certain conditions, it may require 
additional after-treatment systems to meet stringent 

regulations. Both fuels contribute to reducing dependence 

on fossil fuels, supporting sustainability efforts, yet their 

adoption is hindered by infrastructure limitations and 

varying performance characteristics across different engine 

configurations[67]. 

Compressed Natural Gas (CNG) is increasingly 

recognized as a cleaner and more efficient alternative to 

traditional fuels like gasoline and ethanol, primarily due to 

its lower emissions and higher thermal efficiency. CNG 

combustion results in significantly reduced levels of carbon 

monoxide (CO), nitrogen oxides (NOx), and particulate 
matter, thereby enhancing air quality[68]. Its superior anti-

knock properties and adaptability to existing engine 

technologies allow for improved performance, with studies 

indicating that CNG engines can achieve comparable brake 

mean effective pressure (BMEP) to gasoline engines while 

emitting fewer pollutants. Furthermore, CNG's abundant 

availability in many regions supports its accessibility as a 

fuel option, although infrastructure development remains a 

challenge in some areas. Overall, the combination of 

environmental benefits and operational efficiency positions 

CNG as a compelling choice for reducing emissions and 
enhancing engine performance in the transportation 

sector[69]. 

The efficiency and emissions of spark ignition 

engines are significantly influenced by various factors, 

including engine configuration, operating conditions, and 

fuel characteristics. Multi-cylinder engines generally 

provide smoother operation and enhanced power output, yet 

they may struggle with fuel consumption and emissions at 

lower loads[70]. Advanced technologies such as variable 

valve timing (VVT) and turbocharging optimize 

combustion processes, improving both efficiency and 

emissions by adjusting valve timing and enhancing air-fuel 
mixing[71]. Additionally, higher compression ratios can 

lead to improved thermal efficiency but may complicate 

emissions control due to increased combustion 

temperatures[72-74]. Experimental studies indicate that 

strategies like cylinder deactivation can yield fuel economy 

improvements of up to 10.8% under low load 

conditions[70], while the use of alternative fuels, such as 

methanol blends, has been shown to effectively reduce 

harmful emissions[75]. Overall, the integration of these 

advanced configurations and fuel strategies is crucial for 

enhancing the performance and environmental impact of 

spark ignition engines. 
Operating conditions, such as load, speed, and 

temperature, significantly influence engine efficiency and 

emissions across various engine types. Higher loads and 

speeds typically enhance combustion completeness, 

improving efficiency but potentially increasing nitrogen 

oxides (NOx) and particulate matter emissions if not 

managed properly[76]. Conversely, lower loads can lead to 

incomplete combustion, resulting in elevated carbon 

monoxide (CO) and hydrocarbon (HC) emissions[77] [78-

80]. Fuel characteristics, including energy density and 

octane ratings, are crucial; for instance, higher octane fuels 
like ethanol enable higher compression ratios, enhancing 

efficiency and reducing knocking while lowering 

emissions[81]. However, fuels with lower energy density 

may necessitate engine recalibration to optimize 

performance without exacerbating emissions. Advanced 

emissions control technologies, such as exhaust gas 

recirculation (EGR) and catalytic converters, are essential 

for minimizing harmful emissions and maximizing 

efficiency under varying operational conditions[77]. 

Compressed Natural Gas (CNG) has emerged as a 

viable alternative fuel for improving engine efficiency and 

reducing emissions, primarily due to its high methane 
content, which facilitates cleaner combustion compared to 

gasoline. Studies indicate that CNG-powered engines 

exhibit significantly lower emissions of carbon monoxide 

(CO), nitrogen oxides (NOx), and particulate matter, with 

some configurations achieving emissions levels comparable 

to those of pure gasoline engines. Engine modifications, 

such as optimized ignition timing and advanced injection 

strategies, have been shown to enhance performance and 

reduce fuel consumption. Additionally, the integration of 

dual-fuel systems, combining CNG with ethanol or 

gasoline, has been explored to leverage the benefits of both 
fuels, resulting in improved combustion characteristics and 

lower emissions. Despite challenges like energy density and 

infrastructure needs, innovations in engine design and 

emission control systems are pivotal for maximizing the 

sustainability of spark-ignition engines using CNG. 



 Medhat Elkelawy Pharos Engineering Science Journal (PESJ)  

 

           Pharos Engineering Science Journal (PESJ). VOLUME 02, 2025  110 

3. Methodology of using and testing ethanol and 

compressed natural gas (CNG) in spark ignition 

engines: 

The methodology for testing ethanol and 

compressed natural gas (CNG) in spark ignition engines 

involves establishing a controlled experimental 

environment to evaluate the fuels' properties, including 

energy content and emissions profiles. These factors are 

critical for assessing both efficiency and environmental 

impact.  Research indicates that CNG offers advantages 
such as a high-octane number and lower emissions, making 

it a viable alternative to traditional fuels. The combustion 

characteristics of a direct-injection natural gas engine under 

various fuel injection timings were investigated. The results 

showed that fuel injection timing had a large influence on 

the engine performance, combustion, and emissions and 

these influences became largely in the case of late injection. 

Over-late injection would supply insufficient time for the 
fuel-air mixing of the late part of the injected fuel, bringing 

poor quality of mixture formation and subsequently 

resulting in a slow combustion rate, long combustion 

duration, and high HC concentration. As shown in Figure 

1, multi-fuel can be used to enhance the combustion of 

diesel engines [82].  

 

Figure1Impact of hydrogen-enriched natural gas on the combustion behavior and emission characteristics of a dual-fuel diesel 

engine[82].   

Ethanol was utilized in advanced combustion 

modes like homogeneous charge compression ignition 

(HCCI), demonstrates improved fuel conversion efficiency 

and reduced combustion duration. Additionally, studies 

show that varying fuel mixtures, including ethanol and 

CNG, significantly influence combustion characteristics 

and emissions, with optimal ratios enhancing performance 

metrics such as brake thermal efficiency and reducing 
harmful emissions like CO and unburnt hydrocarbons. 

Thus, a comprehensive understanding of these fuel 

characteristics under controlled conditions is essential for 

reliable and repeatable results in performance assessments. 

Key performance metrics for assessing efficiency 

and emissions in ethanol and CNG fuel testing include 

thermal efficiency and brake-specific fuel consumption 

(BSFC). Thermal efficiency indicates how effectively an 

engine converts fuel into work, with studies showing that 

ethanol-biodiesel operations can achieve up to 34.92% 

higher thermal efficiency compared to baseline diesel 

operations [3]. BSFC, which measures fuel usage relative to 

power output, has been reported to decrease by 3% with 

increasing ethanol blends in gasoline, indicating improved 

fuel economy [4]. Additionally, the use of CNG in dual-fuel 

modes has demonstrated significant reductions in 

emissions, particularly NOx and particulate matter, while 

maintaining competitive thermal efficiency [5]. Overall, the 

integration of ethanol and CNG fuels not only enhances 

engine performance but also contributes to lower emissions, 

aligning with global sustainability goals [6]. Optimization 
techniques significantly enhance the performance of ethanol 

and CNG in spark ignition engines through methods such as 

engine tuning and fuel blending. Engine tuning involves 

adjusting parameters like air-fuel mixture, ignition timing, 

and valve timing to maximize efficiency and power output, 

as demonstrated in studies showing improved brake thermal 

efficiency and reduced emissions with optimized settings. 

Fuel blending, particularly with ethanol and CNG, allows 

for the exploration of various ratios to achieve optimal 

combustion characteristics; for instance, ternary blends of 

alcohols with gasoline have shown substantial 
improvements in performance metrics and emissions 

reduction. Additionally, the integration of machine learning 

techniques has facilitated the prediction and optimization of 
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combustion parameters, further enhancing the operational 

efficiency of dual-fuel systems. Overall, these optimization 

strategies contribute to better engine performance and lower 

environmental impact. The total amount of CO2 emissions, 

including those associated with land use changes; highlight 

the contribution of Latin America and the Caribbean to total 
global emissions of CO2 as shown in Figure [2] [83]. 

 

Figure 2 the emissions of the engine at gasoline and CNG-

dedicated modes [83].  

Although it may produce higher nitrogen oxides and 

hydrocarbons compared to gasoline, CNG can enhance fuel 

economy. However, its lower energy density often results in 

reduced power output unless engine modifications, such as 

direct injection, are implemented to optimize combustion 

and increase volumetric efficiency. Studies indicate that 

CNG can achieve significant emissions reductions, 

particularly in dual-fuel configurations with diesel, where it 
lowers NOx and smoke opacity. However, challenges 

remain, including the need for infrastructure development 

and further research on intelligent control systems to 

maximize CNG's potential in various engine types. Figure 

[3] Optimization strategies, including adjustments to the 

air-fuel ratio, spark timing, and combustion chamber 

modifications, significantly enhance engine performance 

and efficiency. Fine-tuning the air-fuel ratio is crucial for 

improving fuel combustion, which leads to increased power 

output and reduced fuel consumption, particularly for 

alternative fuels that benefit from complete combustion [5]. 

Modifications to the combustion chamber design can also 
improve brake thermal efficiency and reduce emissions by 

optimizing turbulence and heat transfer rates [6]. 

Experimental studies have shown that strategies such as 

cylinder deactivation can yield fuel economy improvements 

of up to 10.8% under specific conditions [5]. Furthermore, 

systematic methodologies employing the design of 

experiments have been developed to identify optimal 

engine calibrations that minimize emissions while 

maximizing efficiency [7]. Overall, these optimization 

strategies were collectively contributing to more sustainable 

engine operation and reduced environmental impact [8]. 
Figure [3] shows the Main effect plots of a signal-to-noise 

ratio of chip thickness ratio, b means of chip thickness ratio. 

 
Figure3 Main Effects Plot for S/N ratios for[60] 

4. Strategies for Further Optimization: 

Blending ethanol with Compressed Natural Gas (CNG) 

presents a promising strategy for enhancing engine 

performance and reducing emissions. Ethanol's high oxygen 

content can improve combustion efficiency when combined 

with CNG's clean-burning characteristics, leading to a more 

complete fuel burn and reduced engine knock. Studies 

indicate that increasing the ethanol substitution rate in dual-
fuel systems can enhance thermal efficiency and brake 

mean effective pressure, thereby improving power output 

and fuel economy [1]. Furthermore, under lean-burn 

conditions, the combination of CNG direct injection and 

ethanol port injection has been shown to stabilize 

combustion, reduce harmful emissions like CO and NOx, 

and optimize torque and pressure dynamics [2]. Overall, the 

integration of ethanol with CNG not only supports better 

engine performance but also contributes to lower 

greenhouse gas emissions, aligning with global 

sustainability goals. 

        Various tests on a four-cylinder water-cooled engine 

have been achieved to obtain experimental data. In addition, 

we partially modified the fuel supply system so that it could 
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achieve compressed nature gas direct injection and allow 

ethanol to be supplied through the original port injection 

system. The detailed schematic diagram of the experimental 

device is shown in Figure [4]. 

 

Figure 4 Experimental arrangement for testing the effect of CNG direct injection with ethanol port injection [6] 

Advanced engine technologies such as direct 

injection (DI), turbocharging, and variable valve timing 

(VVT) significantly enhance the performance of engines 

utilizing alternative fuels like compressed natural gas 

(CNG) and ethanol. DI facilitates precise fuel delivery, 

leading to improved combustion efficiency and reduced 

emissions, particularly in CNG/gasoline dual-fuel engines, 

where optimal injection strategies can match the brake 
mean-effective pressure (BMEP) of traditional gasoline 

engines. Turbocharging complements this by increasing air 

intake, which is crucial for burning lower energy-density 

fuels, thus improving fuel economy and power output. 

Additionally, VVT optimizes valve timing to enhance 

torque across various RPMs, further supporting the 

effective use of alternative fuels. Studies indicate that using 

high alcohol content blends can improve combustion 

processes, although they may lead to increased fuel 

consumption and CO2 emissions. Overall, these 

technologies collectively mitigate the limitations of 
alternative fuels, promoting their viability in modern 

engines [1]. 

Optimizing operational conditions such as load 

factors, engine speed, and temperature is critical for 

enhancing engine efficiency and minimizing emissions. 

Diesel engines, for instance, achieve optimal performance 

at approximately 94-95% of full load, where they exhibit 

improved brake thermal efficiency (40.7%) and 

significantly lower emissions of CO2 (124.85 g·kWh−1) 

and unburned hydrocarbons (0.009 g·kWh−1). Similarly, 

gasoline compression ignition engines benefit from high 

loads, where specific injection strategies can further reduce 

emissions while maintaining efficiency. Moreover, 

employing advanced technologies like two-stage 
turbocharging and optimizing fuel characteristics can 

enhance combustion efficiency and reduce nitrogen oxide 

emissions, particularly under high-load conditions. Overall, 

maintaining higher load factors ensures more complete 

combustion is thereby reducing pollutants and improving 

fuel efficiency across various engine types. 

5. Case Studies or Simulation Results: 

The adoption of ethanol and compressed natural 
gas (CNG) in power plants, exemplified by Brazil's Green 

Power Plant, highlights the significant benefits and 

challenges associated with alternative fuels. Ethanol, 

derived from sugarcane, has enabled the facility to achieve 

over a 70% reduction in carbon emissions compared to 

fossil fuels, highlighting its potential for sustainable energy 

production. The plant's dual use of ethanol in gas turbines 

and steam boilers not only enhances energy output but also 
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diminishes reliance on fossil fuels, aligning with global 

trends toward renewable energy sources. Furthermore, the 

economic feasibility of ethanol production in Brazil, 

supported by local agricultural practices, underscores the 

viability of biofuels as a cost-effective energy solution. 

However, challenges such as production costs and 
technological advancements remain critical for the broader 

implementation of biofuels in the energy sector [11]. 

  The Brazilian ethanol industry exemplifies the 

successful deployment of alternative fuels, significantly 

enhancing efficiency and reducing greenhouse gas 

emissions. Ethanol, primarily derived from sugarcane, 

offers a nearly carbon-neutral fuel cycle, as the CO2 

emitted during combustion is offset by the CO2 absorbed 

during the crop's growth [12]. This transition to biofuels has 

led to substantial reductions in carbon emissions, with 

Brazil's flex-fuel vehicles contributing millions of tons of 

reductions annually [13]. Studies indicate that bioethanol 
can reduce emissions by approximately 54% compared to 

fossil fuels [14]. Furthermore, the strategic expansion of 

ethanol production, particularly through cellulosic 

biorefineries, can meet future demands while minimizing 

land-use change impacts. Overall, these initiatives not only 

promote cleaner air but also enhance fuel efficiency, 

making ethanol-powered vehicles competitive with 

traditional gasoline options [8]. 

Local production capabilities, conversion costs, 

and operational savings significantly influence the 

economic feasibility of utilizing ethanol in existing power 

plant infrastructure. In Brazil, where sugarcane is 

abundantly cultivated, ethanol production is economically 

viable, with studies indicating that it can reduce greenhouse 
gas emissions by 28% compared to petrol [15]. The 

integration of biogases for cogeneration enhances energy 

efficiency, with net energy ratios reaching up to 0.984 when 

optimized [16]. Additionally, the potential of vinasse biogas 

as a renewable energy source offers substantial cost 

reductions and emissions savings, further supporting the 

transition to renewable fuels [17]. However, the scalability 

of ethanol production is contingent upon infrastructure 

adjustments and government support, particularly in regions 

with less established biofuels industries [18]. Overall, the 

combination of local feedstock availability and supportive 

policies can enhance the economic viability of ethanol in 
power generation. 

Figure [5] shows the Sizes of electrolyzes, 

methanol synthesis, solar PV, wind power, and storage 

installations. The figure shows the sum of all installed 

capacities at all locations in the solar–wind scenario. 

PV photovoltaics.  

 

Figure 5 shows the Sizes of electrolyzes, methanol synthesis, solar PV, wind power, and storage installations [75] 

7. Conclusion: 

             The findings underscore the importance of a 
holistic approach that combines innovative designs, the 

utilization of cleaner fuels like ethanol and CNG, and 

advanced operational techniques to significantly enhance 

the efficiency and sustainability of SI engine power plants. 

This research contributes to the transition towards more 

environmentally friendly energy solutions while ensuring 

reliable and efficient power generation, ultimately reducing 

the emissions footprint of SI engines. The study 

underscores the significant potential of ethanol and 

compressed natural gas (CNG) as alternative fuels, 

particularly in enhancing engine efficiency and reducing 

emissions across transportation and power generation 

sectors. Ethanol, characterized by its high oxygen content, 



 Medhat Elkelawy Pharos Engineering Science Journal (PESJ)  

 

           Pharos Engineering Science Journal (PESJ). VOLUME 02, 2025  114 

improves combustion efficiency, leading to reduced 

emissions of harmful pollutants such as carbon monoxide 

and particulate matter, although its lower energy density 

may result in higher fuel consumption in certain scenarios. 

Conversely, CNG serves as a cleaner alternative to 

traditional fossil fuels, effectively lowering emissions of 
CO2, nitrogen oxides, and particulate matter, while its 

higher-octane rating contributes to improved fuel 

efficiency. Additionally, the integration of ethanol into 

natural gas-diesel dual-fuel engines has shown promising 

results, enhancing power performance and reducing engine 

knock, thereby further supporting the viability of these 

alternative fuels in mitigating environmental impacts. 

Future research on alternative fuels such as ethanol and 

compressed natural gas (CNG) should prioritize the 

development of hybrid fuel systems that integrate these 

fuels with renewable energy sources like solar and wind 

power. Additionally, integrating energy storage solutions, 
such as battery systems, can further improve the flexibility 

and cost-effectiveness of these hybrid systems, potentially 

reducing overall energy costs by up to 38% compared to 

standalone systems.  

Reference: 

 
1. Elkelawy, M., et al., Biodiesel as an Alternative Fuel in Terms of 

Production, Emission, Combustion Characteristics for Industrial Burners: 
a Review. Journal of Engineering Research, 2022. 6(1): p. 45-52. 

2. Thakkar, H., et al., Comparative analysis of the use of flash evaporator 
and solar still with a solar desalination system. International Journal of 
Ambient Energy, 2022. 43(1): p. 1561-1568. 

3. Elbanna, A.M., et al., A comparative study for the effect of different 
premixed charge ratios with conventional diesel engines on the 
performance, emissions, and vibrations of the engine block. 
Environmental Science and Pollution Research, 2023. 30(49): p. 
106774-106789. 

4. Elkelawy, M., et al., A Comparative Study on Developing the Hybrid-
Electric Vehicle Systems and its Future Expectation over the 
Conventional Engines Cars. Journal of Engineering Research, 2022. 6(5): 
p. 21-34. 

5. Bastawissi, H.A.E.-D. and M. Elkelawy, Computational Evaluation of 
Nozzle Flow and Cavitation Characteristics in a Diesel Injector.  SAE 
International Journal of Engines, 2012. 5(4): p. 1605-1616. 

6. Téllez-Schmill, R. and T. Owodunni. Significantly Reduce Emissions Using 
Ammonia Enriched Fuel Gas for Gas Turbines. in SPE Europec featured 
at EAGE Conference and Exhibition? 2024. SPE. 

7. Hagar, A., El-Din, Y.-S.张. Zhang, and E. Medhat, A Computational Study 

of Cavitation Model Validity Using a New Quantitative Criterion.  
Chinese Physics Letters, 2012. 29(6): p. 064703. 

8. Kabeel, A.E., et al., COMPUTATIONAL STUDY OF DIFFERENT 
TURBULENCE MODELS FOR AIR IMPINGEMENT JET INTO MAIN AIR 
CROSS STREAM. 2019. 46(5): p. 459-475. 

9. Elkelawy, M., et al., A Critical Review of the Performance, Combustion, 
and Emissions Characteristics of PCCI Engine Controlled by Injection 
Strategy and Fuel Properties. Journal of Engineering Research, 2022. 
6(5): p. 96-110. 

10. Bastawissi, H., et al., Detailed 3D-CFD/chemistry of CNG-hydrogen 
blend in HCCI engine. 2010, SAE Technical Paper. 

11. Elkelawy, M., et al., Effect of multifunctional fuel additive in 
diesel/waste oil biodiesel blends on industrial burner flame 
performance and emission characteristics. International Journal of 
Ambient Energy, 2023. 44(1): p. 1382-1395. 

12. El-din H. Etaiw, S., et al., Effect of nanocomposite SCP1 additive to 
waste cooking oil biodiesel as fuel enhancer on diesel engine 
performance and emission characteristics. Sustainable Energy 
Technologies and Assessments, 2022. 52: p. 102291. 

13. Kabeel, A.E., et al., An experimental and theoretical study on particles-
in-air behavior characterization at different particles loading and 
turbulence modulation. Alexandria Engineering Journal, 2019. 58(2): p. 
451-465. 

14. Mir, M.A., M.W. Ashraf, and K. Andrews, Renewable energy sources, 
sustainability aspects and climate alteration: A comprehensive review. 
Materials Research Proceedings. 43. 

15. Tamilarasan, S.K., et al., Recent developments in supercritical CO2-
based sustainable power generation technologies. Energies, 2024. 
17(16): p. 4019. 

16. Elkelawy, M., et al., Experimental investigation of the effects of using 
biofuel blends with conventional diesel on the performance, 
combustion, and emission characteristics of an industrial burner.  
Egyptian Sugar Journal, 2022. 19(0): p. 44-59. 

17. Abd El Fattah, S.F., et al., Experimental Investigation of the Performance 
and Exhaust Emissions of a Spark-Ignition Engine Operating with 
Different Proportional Blends of Gasoline and Water Ammonia Solution. 
Journal of Engineering Research, 2022. 5(4): p. 38-45. 

18. Elkelawy, M., et al., Experimental Study on Flash Boiling and Micro-
Explosion of Emulsified Diesel Fuel Spray Droplets by Shadowgraph 
Technology. Transactions of CSICE, 2009. 27: p. 306-308. 

19. Elkelawy, M., et al. Impact of Carbon Nanotubes and Graphene Oxide 
Nanomaterials on the Performance and Emissions of Diesel Engine 
Fueled with Diesel/Biodiesel Blend. Processes, 2023. 11,  DOI: 
10.3390/pr11113204. 

20. Elkelawy, M., et al., Impact of Utilizing a Diesel/Ammonia Hydroxide 
Dual Fuel on Diesel Engines Performance and Emissions Characteristics. 
Journal of Engineering Research, 2023. 7(3): p. 262-271. 

21. Kabeel, A.E., et al., The influences of loading ratios and conveying 
velocity on gas-solid two phase flow characteristics: a comprehensive 
experimental CFD-DEM study. International Journal of Ambient Energy, 
2022. 43(1): p. 2714-2726. 

22. Bastawissi, H.A.-E. and M. Elkelawy, Investigation of the Flow Pattern 
inside a Diesel Engine Injection Nozzle to Determine the Relationship 
between Various Flow Parameters and the Occurrence of Cavitation. 
Engineering, 2014. Vol.06No.13: p. 13. 

23. Alm El-Din, H., M. Elkelawy, and A.E. Kabeel, Study of combustion 
behaviors for dimethyl ether asan alternative fuel using CFD with 
detailed chemical kinetics. Alexandria Engineering Journal, 2017. 56(4): 
p. 709-719. 

24. El-Sheekh, M.M., et al., Bioethanol from wheat straw hydrolysate 
solubility and stability in waste cooking oil biodiesel/diesel and gasoline 
fuel at different blends ratio. Biotechnology for Biofuels and 
Bioproducts, 2023. 16(1): p. 15. 

25. Elkelawy, M., et al., Chapter 15 - Biojet fuels production from algae: 
conversion technologies, characteristics, performance, and process 
simulation, in Handbook of Algal Biofuels, M. El-Sheekh and A.E.-F. 
Abomohra, Editors. 2022, Elsevier. p. 331-361. 

26. Elkelawy, M., et al., Effect of Organic Compounds Additives for Biodiesel 
Fuel blends on Diesel Engine Vibrations and Noise Characteristics. 
Journal of Engineering Research (ERJ, 2024. 8(1): p. 22. 

27. Elkelawy, M., et al., The effect of using the WCO biodiesel as an 
alternative fuel in compression ignition diesel engine on performance 
and emissions characteristics. Journal of Physics: Conference Series, 
2022. 2299(1): p. 012023. 

28. Elkelawy, M., et al., Effects of Fuel Equivalence Ratio and Swirl Vane 
Angles on Premixed Burner Turbulent Flame Combustion 
Characteristics. Journal of Engineering Research, 2024. 7(6): p. 15. 

29. Elkelawy, M., et al., Engine Performance and Emissions Improvement 
Study on Direct Injection of Diesel/Ammonia Dual Fuel by Adding CNG 
as Partially Premixed Charge. Journal of Engineering Research, 2024. 
7(6): p. 12. 

30. El Shenawy, E., H.A.-E. Bastawissi, and M.M. Shams, Enhancement of 
the performance and emission attributes for the diesel engine using 



 Medhat Elkelawy Pharos Engineering Science Journal (PESJ)  

 

           Pharos Engineering Science Journal (PESJ). VOLUME 02, 2025  115 

diesel-waste cooking oil biodiesel and graphene oxide nanofluid blends 
through response surface methodology. Mansoura Engineering Journal, 
2024. 49(5): p. 8. 

31. Elkelawy, M., Experimental Investigation of Intake Diesel Aerosol Fuel 
Homogeneous Charge Compression Ignition (HCCI) Engine Combustion 
and Emissions. Energy and Power Engineering, 2014. Vol.06No.14: p. 
14. 

32. Mohamed, Y., et al., Experimental Investigation of the Performance and 
Exhaust Emissions of a Spark-Ignition Engine Operating with Different 
Proportional Blends of Gasoline and Water Ammonia Solution. Journal 
of Engineering Research, 2021. 5(4). 

33. Medhat, E., et al., Experimental Investigation on Spray Characteristics 
of Waste-Cooking-Oil Biodiesel/Diesel Blends at Different Injection 
Parameters. Engineering Research Journal (ERJ), 2019. 4. 

34. ElKelawy, M., et al., Experimental investigations on spray flames and 
emissions analysis of diesel and diesel/biodiesel blends for combustion 
in oxy-fuel burner. Asia-Pacific Journal of Chemical Engineering, 2019. 
14(6): p. e2375. 

35. Vaghasia, J.G., et al., Experimental performance investigations on 
various orientations of evacuated double absorber tube for solar 
parabolic trough concentrator. International Journal of Ambient Energy, 
2022. 43(1): p. 492-499. 

36. Eng, M.E.P.D. and I.A.M. Eng, Experimental Study on the Impact of 
Secondary Air Injection and different swirl van angles on Premixed 
Turbulent Flame Propagation and Emission Behaviors. Journal of 
Engineering Research (ERJ), 2024. 7(6). 

37. El-Din, H.A., M. Elkelawy, and Z. Yu-Sheng, HCCI engines combustion of 
CNG fuel with DME and H 2 additives. SAE Technical Paper 2010-01-
1473, 2010. 

38. Elkelawy, M., et al., Analyzing the Influence of Design and Operating 
Conditions on Combustion and Emissions in Premixed Turbulent Flames: 
A Comprehensive. Journal of Engineering Research (ERJ, 2024. 8(1): p. 
15. 

39. Aboubakr, M.H., et al., Chemical Kinetic Investigation: Exploring the 
Impact of Various Concentrations of HHO Gas with a 40% 
Biodiesel/Diesel Blend on HCCI Combustion. Journal of Engineering 
Research, 2024. 8(3). 

40. Johnson, N., I. Ikoko, and A.J. Chukwuma, Driving Sustainability in 
Power Generation: Amine Scrubbing Integration as a Cost-Effective 
Measure for Carbon Dioxide Mitigation. 2024. 

41. Burak, A. and D. Eldar, Sustainable Power Solutions: Renewable Energy 
& Storage Advancements. Journal of Science & Technology, 2023. 4(6): 
p. 13-34. 

42. Elwardany, M., A. Nassib, and H.A. Mohamed, Advancing sustainable 
thermal power generation: insights from recent energy and exergy 
studies. Process Safety and Environmental Protection, 2024. 

43. Vivek, S., et al., An Improved Quality Inspection of Engine Bearings 
Using Machine Vision Systems. Smart and Sustainable Manufacturing 
Systems, 2022. 6(1): p. 86-98. 

44. Aboubakr, M.H., et al., The influence of using HHO with sunflower and 
soybean oil biodiesel/diesel blend on PCCI engine characteristics. 
Journal of Engineering Research, 2024. 7(6): p. 15. 

45. Elbanna, A.M., et al., Investigative research of diesel/ethanol advanced 
combustion strategies: A comparison of Premixed Charge Compression 
Ignition (PCCI) and Direct Dual Fuel Stratification (DDFS). Fuel, 2023. 
345: p. 128143. 

46. El-Sheekh, M.M., et al., Maximization of bioethanol productivity from 
wheat straw, performance and emission analysis of diesel engine 
running with a triple fuel blend through response surface methodology.  
Renewable Energy, 2023. 211: p. 706-722. 

47. Alm ElDin Mohamad, H., M. Elkelawy, and O.A.I. HENDAWI, An 
overview of the Effect of using HHO on Spark ignition and direct 
injection engines combustion, performances, and emissions 
characteristics. Journal of Engineering Research, 2022. 6(5): p. 240-246. 

48. Aboubakr, M.H., et al., A technical survey on using oxyhydrogen with 
biodiesel/diesel blend for homogeneous charge compression ignition 
engine. Journal of Engineering Research (ERJ, 2024. 8(1). 

49. Elkelawy, M., et al., Effect of Dual-fuelled CNG and Gasoline on Spark 
Ignition engine performance and Emissions behaviors at different loads.  
Journal of Engineering Research, 2025. 8(6): p. 18. 

50. ELKELAWY, M., A.M. SAEED, and H. SELEEM, Egypt’s Solar Revolution: A 
Dual Approach to Clean Energy with CSP and PV Technologies. Pharos 
Engineering Science Journal (PES), 2025. 1(1): p. 29-37. 

51. El-Nagar, A.A., et al., Enhancing diesel engine performance and 
emissions with innovative Ethanol-Surfactant blends in Biodiesel: 
Unveiling insights through fractional factorial design. Sustainable 
Energy Technologies and Assessments, 2025. 73: p. 104169. 

52. Elkelawy, M., et al., Enhancing Diesel Engine Performance by Directly 
Injecting Blends of Ammonium Hydroxide and Including Liquid 
Petroleum Gas as a Partially Premixed Charge. Journal of Engineering 
Research (ERJ, 2024. 8(1): p. 16. 

53. Flaih, D.S., et al., Experimental and numerical study on the 
characteristics of gasoline engine powered by gasoline blended with 
water ammonia solution. Fuel, 2025. 387: p. 134333. 

54. Elkelawy, M., et al., Experimental Investigation on Combustion and 
Emission Characteristics of Co-combustion of Pulverized Biomass with 
Diesel Fuel in an Industrial Burner. Journal of Engineering Research, 
2024. 8(1): p. 17. 

55. Aboubakr, M.H., H.A.-E. Bastawissi, and A.R. Abd Elbar, Exploring the 
Influence of Various Factors, Including Initial Temperatures, Equivalence 
Ratios, and Different Biodiesel/Diesel Blend Ratios, on Homogeneous 
Charge Compression Ignition (HCCI) Combustion. Journal of Engineering 
Research (ERJ), 2024. 8(3): p. 8. 

56. ELKELAWY, M., et al., Feasibility Study of Geothermal Energy 
Development in Egypt: Power Generation and Direct Use in Gulf of Suez, 
Red Sea, and Western Desert. Pharos Engineering Science Journal (PES), 
2025. 1(1): p. 39-50. 

57. Kavya, A. and S. Yadav, Comprehensive Evaluation of the Environmental 
Footprint across Energy Sources: Toward Sustainable Solutions. 2023. 

58. Elkelawy, M., et al., A Greening the Diesel: Vegetable Oil Biodiesel 
Blends for Cleaner Emissions and Improved Direct Injection Diesel 
Engine performance. Journal of Engineering Research, 2025. 8(6): p. 16. 

59. Elkelawy, M., et al. The Impact of Incorporating Varying Proportions of 
Sugar Beet Waste on the Combustion Process and Emissions in 
Industrial Burner Fuelled with Conventional Diesel Fuel. in Journal of 
Physics: Conference Series. 2024. IOP Publishing. 

60. Sah, R.D. and T. Sharma. Quantitatively Evaluating Air Pollution 
Exposures to Determine Whether Reproductive Factors or Critical 
Growth Stages are Affected. in International Conference on Data 
Science and Big Data Analysis. 2023. Springer. 

61. Elkelawy, M., A. Walaa, and M.M. Sayed, Innovative Integration of 
Hydropower and Thermal Energy for Combined Heat and Power 
Production: A Comprehensive. Pharos Engineering Science Journal 
(PES), 2025. 1(1): p. 11. 

62. Elkelawy, M., et al., Investigation into the Impact of Ammonia 
Hydroxide on Performance and Emissions in Compression Ignition 
Engines Utilizing Diesel/Biodiesel Blends. Journal of Engineering 
Research (ERJ), 2024. 8(1): p. 21. 

63. Alm-EldinBastawissi, H., et al., Performance and Emissions 
Characteristics of Multi-Cylinder Direct Injection Diesel Engine Fuelled 
with Diesel/Biodiesel and Toluene Additives. Journal of Engineering 
Research, 2025. 8(6): p. 29-37. 

64. Zhe, X., Internal Combustion Engine Alternative Fuels. Journal of 
Engineering Research and Reports, 2024. 26(7): p. 407-413. 

65. Matijošius, J., et al., Enhancing the Fuel Efficiency and Environmental 
Performance of Spark-Ignition Engines through Advancements in the 
Combined Power Regulation Method. Energies (19961073), 2024. 
17(14). 

66. Lak, S.Z., J. Rezaei, and M.R. Rahimpour, Health and Pollution 
Challenges of Fossil Fuels Utilization. 2024. 

67. Suryasa, I.W., et al., Cutting-Edge Biofuel Technologies for 
Environmental Management and sustainability. Acta Innovations, 2024. 
52: p. 60-69. 



 Medhat Elkelawy Pharos Engineering Science Journal (PESJ)  

 

           Pharos Engineering Science Journal (PESJ). VOLUME 02, 2025  116 

68. Mehtab, A., et al., Hydrogen Energy as Sustainable Energy Resource for 
Carbon-Neutrality Realization. ACS Sustainable Resource Management, 
2024. 1(4): p. 604-620. 

69. Nutu, C., et al. Hydrogen fuelling a passenger car spark ignition engine 
for a cleaner environment. in IOP Conference Series: Materials Science 
and Engineering. 2024. IOP Publishing. 

70. Malik, K., et al., Biofuels Production: A Review on Sustainable 
Alternatives to Traditional Fuels and Energy Sources. Fuels, 2024. 5(2): 
p. 157-175. 

71. Mohamed, M., et al., Experimental investigation of combustion 
characteristics, performance, and emissions of a spark ignition engine 
with 2 nd generation bio-gasoline and ethanol fuels. 2023, SAE 
Technical Paper. 

72. Usman, M., et al., AI-driven optimization of ethanol-powered internal 
combustion engines in alignment with multiple SDGs: A sustainable 
energy transition. Energy Conversion and Management: X, 2023. 20: p. 
100438. 

73. Elkelawy, M., et al., Predictive modeling and optimization of a waste 
cooking oil biodiesel/diesel powered CI engine: an RSM approach with 
central composite design. Scientific Reports, 2024. 14(1): p. 1-13. 

74. Elkelawy, M., et al., A Quantitative Analysis of the Commercial-Additive 
Effects on Diesel Engine Combustion and Emissions Characteristics. 
Pharos Engineering Science Journal (PES), 2025. 1(1): p. 25. 

75. Biswas, S., et al., The transition from conventional biodiesel combustion 
to RCCI with CNG/ethanol induction in CI engine: A comparative 
combustion analysis and relative effects on performance-emissions. 
International Journal of Engine Research, 2023. 24(6): p. 2505-2522. 

76. Tuner, M., Review and benchmarking of alternative fuels in 
conventional and advanced engine concepts with emphasis on 
efficiency, co 2, and regulated emissions. 2016, SAE Technical Paper. 

77. Ben, L., et al., Influence of air/fuel ratio on cyclic variation and exhaust 
emission in natural gas SI engine. 1999, SAE Technical Paper. 

78. Elkelawy, M., W. M El-Ashmawy, and S.M. Ahmed, State of the Art in 
Concentrated Solar Power: Latest Technological Advancements and 
Innovations in Efficiency and Energy Storage. Pharos Engineering 
Science Journal, 2025. 1(1): p. 17-28. 

79. Elkelawy, M., et al., A Technical Survey on the Impact of Exhaust Gas 
Recirculation and Multifuel Blends on Diesel Engine Performance and 
Emission Characteristics. Journal of Engineering Research, 2024. 8(3): p. 
11. 

80. ELKELAWY, M., Z.A. ATTA, and H. SELEEM, Technological Advances, 
Efficiency Optimization, and Challenges in Wind Power Plants: A 
Comprehensive Review. Pharos Engineering Science Journal (PES), 
2025. 1(1): p. 10. 

81. Zhao, Z., et al., Study on combustion and emissions of a combined 
injection spark ignition engine with natural gas direct injection plus 
ethanol port injection under lean-burn conditions. ACS omega, 2022. 
7(25): p. 21901-21911. 

82. Tutak, W., A. Jamrozik, and K. Grab-Rogaliński, Effect of natural gas 
enrichment with hydrogen on combustion process and emission 
characteristic of a dual fuel diesel engine. International Journal of 
Hydrogen Energy, 2020. 45(15): p. 9088-9097. 

83. Tabar, A.R., A.A. Hamidi, and H. Ghadamian, Experimental investigation 
of CNG and gasoline fuels combination on a 1.7 L bi-fuel turbocharged 
engine. International Journal of Energy and Environmental Engineering, 
2017. 8(1): p. 37-45. 


