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Article History ABSTRACT

This study investigates the impact of ethanol-gasoline blends on the
performance and emissions of a spark ignition (SI) engine. Various ethanol
concentrations (10%, 20%, 30%, and 40%) were mixed with gasoline using
an ultrasonic bath to ensure optimal blending. Results indicated that
increasing ethanol content improved power output, brake specific fuel
consumption, and thermal efficiency, while also reducing harmful exhaust
emissions. However, a decrease in volumetric efficiency was noted. Overall,
the findings suggest that ethanol blends can enhance engine performance and
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reduce environmental impact, making them a viable alternative to traditional
fuels. The physicochemical properties of iso-butanol additives in ethanol-
gasoline blends and their impact on the performance and emission
characteristics of a spark-ignition engine. The ethanol-gasoline blend,
specifically at a 10% volume basis of ethanol (E10), is enhanced with varying
proportions of iso-butanol additives (5%, 10%, and 15%), designated as
E10B5, E10B10, and E10B15. The study aims to determine how these
additives influence engine performance metrics, such as power output and
efficiency, while also analysing exhaust emissions, including carbon
monoxide (CO), carbon dioxide (CO2), hydrocarbons (HC), and nitrogen
oxides (NOx). The findings indicate that the addition of iso-butanol improves
both engine performance and reduces harmful emissions, highlighting the
potential of these blended fuels as a viable alternative to conventional
gasoline.

1. INTRODUCTION brake specific fuel consumption, thermal

efficiency, volumetric efficiency[3].Furthermore,

This research focuses on the effects of ethanol-
gasoline blends on spark ignition (SI) engine
performance and exhaust emissions [1].
Specifically, it investigates the influence of ethanol
concentrations (10%, 20%, 30%, and 40%) mixed
with gasoline using an ultrasonic bath for optimal
blending [2]. The study aims to provide insights
into how varying ethanol levels impact key
performance metrics, including power output,

the research examines the potential for these
blends to reduce harmful exhaust emissions, such
as carbon monoxide (CO), hydrocarbons (HC), and
nitrogen oxides (NOx), thus contributing to a
reduction in the environmental impact of internal
combustion engines[4].In addition, this study
explores the role of iso-butanol additives in
ethanol-gasoline blends [5]. Iso-butanol, an alcohol
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with similar properties to ethanol, is tested in
various proportions (5%, 10%, and 15%) in a
baseline E10 blend to evaluate its effect on engine
performance and emissions [6]. The results from
this research will offer valuable insights into the
practical application of ethanol-iso-butanol blends
as a promising alternative fuel, paving the way for
further studies on sustainable and efficient fuel
solutions for spark-ignition engines [7].

2. LITERATURE REVIEW
The quest for alternative fuels has intensified in

recent decades due to the depletion of fossil fuels
and the growing concern over their environmental
impact, particularly regarding air pollution and
climate change. Among the biofuels that have
gained considerable attention, ethanol,
particularly when blended with gasoline, offers a
renewable, cleaner alternative. Ethanol-gasoline
blends, such as E10 (10% ethanol and 90%
gasoline) or E85 (85% ethanol and 15% gasoline),
have shown promise in enhancing engine
performance while reducing harmful emissions,
thus  positioning themselves as  viable
replacements for traditional fossil fuels in internal
combustion engines[8].

The primary objective of incorporating
ethanol into gasoline is to improve the fuel's octane
rating, increase the oxygen content of the fuel
mixture, and thereby enhance combustion
efficiency. Additionally, ethanol's ability to reduce
carbon monoxide (CO) and particulate emissions
aligns with global sustainability goals. However,
the higher ethanol content also brings with it
certain challenges such as a reduction in energy
density, which affects the power output and fuel
consumption rates of the engine [9]. Ethanol is a
biofuel that has been widely used as an oxygenate
in gasoline to reduce harmful exhaust emissions.
The use of ethanol as a fuel additive dates back to
the 1970s, but its application in SI engines became
more widespread after the oil crises in the 1970s,
and with growing concerns about air pollution in
the 1980s[10].

Today, the use of ethanol in blends such as
E10, E15, E20, and even higher concentrations
(E85) has become a common practice, particularly
in countries like the United States and Brazil.
Ethanol’s properties, such as a high oxygen content
(around 35% by weight), allow for better
combustion of the fuel-air mixture in the engine,
leading to reduced levels of carbon monoxide (CO),
hydrocarbons (HC), and particulate matter (PM)

[11]. Ethanol’s effect on engine performance has
been the subject of numerous studies. Ethanol,
being an oxygenated fuel, helps improve
combustion efficiency by ensuring more complete
fuel oxidation. A study by Kato et al [12].

(2006) demonstrated that blending
ethanol with gasoline can improve engine thermal
efficiency by utilizing its high latent heat of
vaporization, which cools the intake charge and
leads to a denser air-fuel mixture. This process
increases the mass flow of the air-fuel mixture into
the combustion chamber, improving overall engine
efficiency [13]. However, there is a downside to
increasing ethanol content in gasoline. While the
higher oxygen content leads to more efficient
combustion and lower CO emissions, the reduction
in energy density caused by ethanol’s lower
calorific value compared to gasoline can negatively
affect the vehicle's fuel economy [14].

According to Kwon et al. (2009), the
increase in ethanol concentration causes a drop in
volumetric efficiency, as the reduced energy
content of the ethanol-gasoline blend requires
more fuel to achieve the same power output [15].
One of the key metrics for evaluating the efficiency
of an engine is brake-specific fuel consumption
(BSFC), which measures the amount of fuel
required to produce a unit of power. Ethanol’s
higher oxygen content and improved combustion
characteristics can reduce BSFC, as it allows the
engine to operate with a leaner air-fuel mixture.
However, studies by Zhang et al. (2012) indicate
that while ethanol blends reduce BSFC at lower
ethanol concentrations, the higher ethanol blends
like E85 may lead to an increase in BSFC due to the
lower energy content per unit volume of ethanol.
This increase in fuel consumption needs to be
considered when designing vehicles for optimal
fuel efficiency with ethanol-gasoline blends [16].
The reduction of harmful emissions is one of the
most significant advantages of using ethanol-
blended fuels in spark ignition engines. Ethanol’s
higher oxygen content facilitates more complete
combustion, resulting in reduced emissions of CO,
HC, and PM. Additionally, studies have shown that
ethanol-gasoline blends can significantly lower
carbon dioxide (CO2) emissions on a life-cycle
basis, as ethanol is a renewable fuel that can be
replenished through agricultural processes [17].
COis a harmful pollutant that is produced when the
fuel-air mixture is incompletely combusted. Due to
the higher oxygen content in ethanol compared to
gasoline, the combustion process is more
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complete, resulting in a significant reduction in CO
emissions. Lee et al. (2015) found that blends such
as E10 and E20 exhibited reductions in CO
emissions by as much as 25% compared to pure
gasoline, demonstrating the potential of ethanol to
improve air quality in urban environments. The
effect of ethanol on CO emissions is particularly
notable during low-temperature starts or during
cold-weather operation, where gasoline engines
are typically less efficient [18].

3. CHALLENGES
One of the primary challenges associated with

ethanol-gasoline blends, especially at higher
ethanol concentrations, is the reduced energy
density compared to conventional gasoline.
Ethanol has a lower calorific value than gasoline,
containing approximately 33% less energy per
unit volume. As the ethanol -concentration
increases in the blend, the energy density
decreases, which can result in lower engine
performance in terms of power output and overall
efficiency. This is particularly evident in higher
ethanol blends like E85 (85% ethanol), where
despite ethanol’s higher oxygen content promoting
more complete combustion and reducing CO and
HC emissions, the lower energy content can affect
vehicle fuel economy.

Volumetric efficiency is another challenge
when using ethanol-gasoline blends, especially at
higher ethanol concentrations. Ethanol has a lower
air-fuel ratio compared to gasoline, which means
that for a given volume of intake air, less ethanol
(or ethanol-gasoline blend) can be injected. This
results in a decrease in the amount of power
produced by the engine. The reduced volumetric
efficiency due to higher ethanol content can be
attributed to ethanol’s physical properties, such as
its lower energy density and higher latent heat of
vaporization. While the latter is beneficial for
cooling the intake charge and enhancing
combustion, it may lead to incomplete
vaporization of the fuel, particularly in engine
designs not optimized for high-ethanol blends.
This incomplete vaporization can further reduce
the engine's efficiency. However, additives like iso-
butanol can potentially improve vaporization
characteristics, helping to offset some of the
negative effects associated with higher ethanol
concentrations and improving volumetric
efficiency in certain engine designs.

4. ADVANTAGES
Ethanol-gasoline blends, particularly those
enhanced with additives such as iso-butanol, offer
several notable advantages in terms of both engine
performance and emission control, making them a
promising alternative to traditional gasoline fuels
in spark-ignition (SI) engines.

One of the primary advantages of ethanol-
gasoline blends is their ability to improve
combustion efficiency. Ethanol, due to its higher
octane rating compared to gasoline, can allow for
higher compression ratios in engines, which leads
to better thermal efficiency and power output. This
increased efficiency results in better engine
performance, as the engine can operate at higher
compression without the risk of knocking. The
addition of iso-butanol to the blend further
enhances combustion characteristics, improving
the fuel’s resistance to knocking and promoting
more complete combustion. This can contribute to
smoother engine operation, especially at higher
engine speeds or under heavy load conditions.

Another significant advantage is the reduction
in harmful emissions. Ethanol is a cleaner burning
fuel compared to traditional gasoline, emitting
fewer carbon monoxide (CO), hydrocarbons (HC),
and particulate matter (PM). By reducing the
carbon content of the fuel mixture, ethanol-
blended fuels contribute to lower emissions of
carbon dioxide (CO2), a major greenhouse gas. The
addition of iso-butanol further improves emission
profiles by reducing CO and HC emissions, as it
helps to optimize the combustion process and
minimize incomplete combustion. This can make
ethanol-gasoline blends a more environmentally
friendly fuel choice, aligning with global efforts to
reduce  the  environmental impact  of
transportation. In terms of fuel sustainability,
ethanol is a renewable biofuel derived from
agricultural products, such as corn or sugarcane.
The use of ethanol as a fuel helps reduce
dependence on fossil fuels, which are finite and
contribute to environmental degradation.

5. DISADVANTAGES

While ethanol-gasoline blends, particularly with
additives such as iso-butanol, show promise in
enhancing engine performance and reducing
harmful emissions, there are several
disadvantages associated with their use in spark-
ignition (SI) engines. One of the primary concerns
is the reduction in volumetric efficiency, which can
occur due to the lower energy content of ethanol
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compared to gasoline. Ethanol's lower energy
density leads to a higher fuel consumption rate,
which can negatively impact the overall fuel
economy of the engine. As ethanol content
increases, the engine may require more fuel to
produce the same power output, leading to an
increase in brake-specific fuel consumption
(BSFQC).

Another disadvantage is the potential for
material compatibility issues. Ethanol and its
blends, especially at higher concentrations, can be
more corrosive to engine components such as fuel
lines, injectors, and gaskets. Prolonged use of
ethanol-blended fuels may lead to the
deterioration of these components, resulting in
increased maintenance costs and potential engine
failure. Additionally, ethanol can absorb water
from the atmosphere, further exacerbating
corrosion and causing phase separation, where
water and ethanol separate from gasoline. This can
lead to engine misfire and performance instability.

6. DISCUSSION
The integration of additives in ethanol-gasoline
blends plays a pivotal role in improving the
performance and emission control of spark
ignition (SI) engines. Ethanol-blended fuels,
particularly those with higher ethanol content,
have gained traction for their ability to reduce
harmful emissions and enhance combustion
efficiency. However, the effectiveness of these
blends is highly contingent on the proper use of
additives that address challenges such as fuel
instability, engine knocking, and corrosion.
Additives can improve fuel stability by preventing
phase separation due to ethanol's hygroscopic
nature. Corrosion inhibitors protect engine
components, such as fuel lines and injectors, from
the detrimental effects of ethanol’s corrosive
properties. Furthermore, certain additives
enhance the combustion process, improving
engine performance by increasing the octane
rating and reducing knocking, allowing for higher
compression ratios and better fuel efficiency.
CONCLUSION

The use of additives in ethanol-gasoline blends
plays a crucial role in optimizing the efficiency and
emission control of spark ignition (SI) engines.
Ethanol-blended fuels, particularly those with
higher ethanol content, present several benefits,
including improved combustion efficiency, higher
octane ratings, and a reduction in carbon
monoxide and particulate matter emissions.

Additives such as stabilizers, corrosion inhibitors,
and combustion enhancers help mitigate the
challenges associated with ethanol’s hygroscopic
nature, corrosive properties, and lower energy
density. However, despite these advantages, the
use of additives also presents challenges. Fuel
instability, incomplete combustion, and potential
material degradation are significant concerns.
Additionally, the increased fuel consumption and
the need for precise additive compatibility must be
carefully addressed to avoid detrimental effects on
engine performance and fuel economy.

FUTURE SCOPE

The future scope of research on additives in
ethanol-gasoline blends for spark ignition (SI)
engines is vast and holds significant potential for
improving  both  fuel performance and
environmental sustainability. One critical area of
exploration is the development of advanced
additives that can further optimize the combustion
process, enhancing engine efficiency and reducing
emissions. Research into additives that can
specifically target harmful by-products, such as
acetaldehyde and formaldehyde, is essential to
ensure that ethanol blends do not introduce new
environmental challenges. Another promising area
is the development of additives that improve fuel
stability over long storage periods and under
varying environmental conditions. As ethanol
blends are more susceptible to moisture
absorption and phase separation, innovative
stabilizers and anti-corrosion agents will be
needed to enhance fuel reliability and
performance, especially in regions with high
humidity or extreme temperatures.
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