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Alcohol-based fuels have gained more interest due to their production process and
availability and environmental point of view so based alcohol-based fuel like fusel oil
has been studied as an alternative fuel for compression ignition engine engines. The
objective of this experimental study was to investigate the performance of a
compression ignition engine based on a performance and emissions of cylinder
single-cylinder diesel engine. To maintain the original fuel system of the engine, a
fixed blending ratio of 20% v/v was used. The research findings indicated a decrease
in nitrogen oxide (NO) emissions when using fusel oil–diesel (F20) compared to
diesel. Still, higher fuel consumption was observed due to the lower energy content
of fusel oil. However, F20 led to increased carbon monoxide (CO) emissions and
hydrocarbons (HC) compared to diesel. The most significant reduction in NOx
emissions by up to 20% occurred at an engine speed of 1,500 rpm and an
engine load of 75%, possibly attributed to the higher water content in fusel oil. It
is crucial to evaluate the trade-offs between these parameters carefully. Insight into
these trade-offs may facilitate the optimization of fusel oil use as a prospective fuel
alternative for internal combustion engines.
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1 Introduction

Prompt depletion of the global petroleum reserves, increased cost of the conventional
petroleum fuels, and implementation of exhaust emission regulations for internal
combustions (IC) engines due to environmental issues have all together created worthy
demand for using other and renewable fuels in diesel engine engines (Demirbas, 2007;
Karabektas and Hosoz, 2009; Asonja et al., 2013; Awad et al., 2018; Abdalla et al., 2019;
Kamil et al., 2020; Abed et al., 2021; Abed et al., 2023a). Alcohol is seen not only as a
replacement for traditional fuels, but also as the most investigated oxygenate for fuels
globally, due to its oxygen content (Wu et al., 2020/07; Liu et al., 2019/12). Among available
fuels, alcohol can be exploited as a versatile agent in the form of a blend with ordinary fuels
in use already-in-use engines or biodiesel in form of addicts. (Agarwal, 2007; Bozbas, 2008;
Janjić et al., 2015; Mahmudul et al., 2016; Awad et al., 2017; ABED et al., 2023).
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Environmental protection has been pushed to the forefront as a
fundamental issue due to rising mobility, particularly in large
economies. All advanced countries have implemented emission
control measures to cut down on pollution from cars and trucks
using internal combustion engines. Exhaust emissions from spark
ignition engines and diesel engines have been lowered in a variety of
ways. Some of these techniques aim to lower the levels of harmful
gases by directly addressing the exhaust gases. The emissions of
nitrogen oxides (NOx) from diesel engines are influenced by a range
of factors, including fuel characteristics and the operational
parameters of the engine (Mahmudul et al., 2016; Awad et al.,
2017; Abed et al., 2023b). It is well acknowledged that NOx

emissions arise as a result of elevated combustion temperatures
and increased oxygen concentrations inside the cylinder. Alcohol
often exhibits a lower temperature of the combustion as a result of
their comparatively lower heating value and oxygen concentration.
Carbon monoxide (CO) is largely produced via combustion
activities. percentpercent Figure 1 shows the sources contributing
to CO emissions. From the figure, it is clearly shown that the on-
road vehicles are the highest contributors to CO emissions. Approx
56% of all the CO is emitted by on-road vehicles which is the largest
segment, closely followed by non-road vehicles and engines
constituting 22% of the total carbon monoxide. The
miscellaneous contributes 12%, and fuel combustion and
industrial processes account for 6% and 4% respectively. Overall,
transportation and in particular vehicles on the road are the main
sources of CO emissions (Dey and Dhal, 2019/12).

It can be seen that the transportation sector especially on-road
vehicles plays the biggest role in the CO emissions. Hence, it can be
deduced from the chart that we need to deal with vehicle emissions
to make the air quality better.

The idea of employing alcohol as an effective way of producing
more eco-friendly diesel engines dates back more than 60 years. Also,
much other research had been conducted on using alcohol like butanol,
methanol, and ethanol as fuels for ICE. Regarding the experiment
conducted byAjav, et al. (Ajav et al., 1999) tomeasure the effect of using
different percentages of ethanol-diesel mixtures on the engine
performance at a constant speed, the specific fuel consumption
(SFC) was increased by about 9% when comparing between mixture
of diesel and pure diesel. In addition, He, et al. (He et al., 2003).
conducted a study to know the effects of using ethanol-diesel emulsion
fuel on a four-cylinder compression ignition (C.I) engine. was that study
aimed to evaluate the impact of ethanol addition on performance
parameters, including CO, Soot, and exhaust gas emissions (sulfursulfur
dioxide (SO2), and nitrogen oxides (NOx)). The results indicated a
significant increase of about 12.5% in NOx emissions, while CO and
smoke outpouring were decreased. Additionally, the Sulphur dioxide
(SO2) and inert matter also decreased.

Fusel oil is normally manufactured as a secondary product from
ethyl alcohol manufacture, through the fermentation process and
subsequent distillation. It is a naturally occurring source of amyl
alcohols viz (Özgülsün et al., 2000; Dörmő et al., 2004; Ferreira
et al., 2013). Fusel oil can be an alternative fuel to be used in an SI
engine and its composition and quantity depends on several factors like
source of carbon involved in manufacture of ethanol, the fermentation
process, the method of preparation and the way of decomposition of
fusion oil in the mixture. (Calam et al., 2014). The study of Awad
(Abdalla et al., 2019) discussed the effects of fueling a 4-cylinder spark

ignition engine with fusel oil as an octane booster in the gasoline fuel.
The experiments took place for two different fusel oil-gasoline blend
ratios and pure gasoline for different speeds and loads. and the regarded
results support that fusel oil represented an efficient octane enhancer for
gasoline blendstock in spark ignition engines. As a promising alternative
fuel, fusel oil can serve as a feasible choice for on-demand octane
enhancement applications using advanced technologies like fuel-flexible
combustion cylinder systems and octane-on-demand systems, which
can lower fuel consumption and emissions. More detonation control
can increase the high octane number and the oxygen content, this can
lead to desirable performance evolution at the high speed and rich fuel
mixture with more complete combustion. Fusel oil enhanced brake
power and brake thermal efficiency (BTE) with reference to the pure
gasoline. Although the energy-conversion efficiency of the engine using
fusel oil was comparable to that of gasoline, fusel oil caused an increase
in BSFC, with a decrease of NOx. There is an increase in HC and CO2

emissions. Also Dongzhi Gao et al. (Gao et al., 2023) study addressed
the technical feasibility of utilizing fusel, a production by-product of
ethanol, as a clean fuel in a heavy-duty engine. The test-fuels were diesel
and F20NW (20%anhydrous fusel), mostly being F20WW(20%
hydrous fusel). Fusel enhanced BTE and lowered NOx and SOOT
emissions, especially when EGR was optimized. Generally speaking,
F20WWcould reduce more, that is fuel consumption, NOx, soot and
CO2 emissions. According to the author, a 20%hydrous fusel with EGR
could be implemented for diesel engines, which could help lowering the
fuel consumption and emissions. Another study concludes similar
findings Jia Liu et al. (Liu et al., 2023/03) found that the addition of
20 %of a by-product of ethanol fermentation known as fusel oil
increased the brake thermal efficiency of diesel by 0.7%. Soot
emissions were reduced by 47.5 percent, and NOx emissions reduced
by 6.4%, without affecting fuel stability. The potential utilization of fusel
oil as a viable alternative fuel can be recognized as a novel energy
resource within the realm of diesel engines. Nevertheless, the
investigation into the utilization of fusel oil in conjunction with diesel
fuel has not been extensively documented in academic literature.

This research used a single-cylinder CI engine operating at four
various engine loads and two speeds to investigate the effect of fusel
oil–diesel F20 blends on engine exhaust emissions, fuel
consumption, and temperature in comparison to pure diesel fuel.

2 Materials and methods

This study was carried out using a Hydrome model HGP-3A-
F23 dynamometer and a single-cylinder Yanmar TF120 diesel engine
with a 0.63 L and 17.7 Compression Ratio. The full specifications of the
engine are listed in Table 1. Kane Automotive, a brand of exhaust gas
analyzers, has also been used for exhaust gas analysis. The gas analyzer
employed in this study was designed to collect engine exhaust samples
and measure the levels of NOx, CO, CO2, and O2 in them. Straight
through high-temperature tubing from the gas measuring point to the
gas analyzer, exhaust gas was controlled. The measurement was done
concurrently with engine testing and was statistically analyzed. Figure 2
depicts the engine test bed’s schematic diagram. During engine testing,
TFX Engineering collected data using an in-cylinder pressure and a
crank angle. Thermocouples K-type were used to measure the
temperature, and data loggers were used to display the temperature
readings. The temperatures that can be measured by this apparatus
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include ambient temperature, exhaust temperature, and intake
temperature. Four engine loads (0%, 25%, 50%, and 75%) and two
towing speeds (1,500 rpm and 2,100 rpm) were applied to the
experimental vehicle. The test was completed using a blend of 20%
vol fusel oil and 80% vol diesel (pour diesel F0 and fusel oil diesel blend
F20). To gather the engine’s essential data, the test was conducted under
steady-state conditions and initially with only pure diesel. In an
experiment, engine emissions (CO2, CO, and NOx), exhaust
temperature, and fuel consumption (FC) have all been measured.

3 Results

As previously stated, the experimental assessments were
conducted on a singular-cylinder internal combustion engine

using two fuels: pure diesel F0 (consisting of 100% volume
diesel) and F20 (comprising 80% volume diesel and 20%
volume fusel oil). The measurement of the engine’s fuel usage
and exhaust temperature was conducted. The analysis focused
on the engine emissions of CO, CO2, nitrogen oxides (NOx), and
engine temperature. The findings are presented in the
following manner:

3.1 Fuel consumptions

As the engine experiences higher loads and speeds, there is a
corresponding increase in the energy transferred into the
cylinder. The lower energy content of fusel oil in comparison
to diesel (F0) resulted in a reduction in the energy content of the
fuel test (F20), as seen in Table 2. Although the energy value of
F20 in comparison to diesel is relatively low, it has been observed
that the engine fuel consumption has slightly risen when using
F0. Figure 3A, B illustrate the variations in fuel usage between
F20 and F0 across various engine loads and speeds. Across all
engine loads and speeds, the fuel consumption of F20 is
consistently higher than that of diesel, indicating an
improvement in the volumetric efficiency of F20. Alcohol-
based fuels, it should be noted, have a higher latent heat of
evaporation than diesel fuels. This characteristic enables the
attainment of lower manifold temperatures and higher
volumetric efficiency. (Bilgin et al., 2002; Yücesu et al., 2006).

3.2 Gas exhaust temperature

Figures 4A, B depict the relationship between exhaust
temperature and engine loads and speeds for the F20 and diesel
F0, respectively. The temperature of diesel is somewhat greater than
that of F20. Moreover, the highest recorded temperature at

TABLE 1 Engine specification.

Description Specification

Engine type YANMAR TF120

Combustion system Direct injection

Cylinder number One

bore x stroke in millimeters 92 × 96

Volume (mL) 638

Injection timing 17° BTDC

Compression Ratio (CR) 17.7

Output (HP) 10.5 HP

Description Specification

Engine type YANMAR TF120

Combustion system Direct injection

FIGURE 1
(Bacha et al., 2007). Sources of CO emission (Dey and Dhal, 2019/12).
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1,500 was seen to be 255°C at a 75% engine load for pure diesel.
Similarly, at 2,100 rpm and the same load, the temperature was
345°C. The elevated oxygen concentration present in fusel oil is
expected to contribute to an increase in the in-cylinder temperature
inside the combustion chamber, owing to its greater latent heat of
evaporation. However, the presence of a significant amount of water
in fusel oil adversely affects the combustion process, leading to a
reduction in temperature.

3.3 Emissions

According to the engine’s operating conditions, the effect of
fusel oil on emissions varies. Nitrogen oxides (NOx) are of notable
relevance among the detrimental gaseous pollutants gained from
a compression ignition engine. The production of NOx is
significantly impacted by the temperature at which combustion
happens, while other engine operating variables, such as engine
speed and load, contribute to its emission. The production of
thermal NOx takes place when temperatures beyond 1,500°C, and
its pace experiences a significant escalation when temperatures
surpass this critical point. In a comparative analysis, the use of
fusel oil demonstrates a decrease in NOx emissions when
compared to diesel, as seen in Figures 5A, B The decrease in
combustion emissions may be ascribed to the presence of oxygen
in fusel oil and alcohols, which facilitates a more thorough and
environmentally friendly combustion process (Mittelbach and
Remschmidt, 2004). Furthermore, NOx production is increased
by a higher oxygen level in the mixture. (Solmaz and Çelikten,
2012; Yilmaz et al., 2013). As a consequence, the emission of
nitrogen oxides (NOx) showed a reduction while using a fuel
blend of F20 in comparison to the use of pure diesel fuel. The
highest observed increase in NOx emissions occurred at an engine
speed of 1,500 revolutions per minute (rpm) and an engine
load of 75%.

Figure 6A, B depict the carbon dioxide (CO2) emissions of
F20 and pure diesel fuels across various engine loads and speeds. The
findings indicate that the emission of CO2 showed an increase when
exposed to F20 across all levels of engine loads and speeds. The
primary factor contributing to the rise in emissions may be
attributed to the elevated carbon-to-hydrogen ratio seen in fusel

FIGURE 2
Yanmar TF 120 experimental setup diagram.

TABLE 2 The properties of test fuels.

Properties Diesel Fusel oil F20

Density [g/m3] 0.746 0.847 0.761

Heating value MJ/kg 47.5 30 42.12

Cetane Number 46 - 38

Water content (%) - 13.5 0.88

Hydroyen (%) 33–16 5.749 -

Carbon (%) 84–87 21.658 -

Netrogen (%) 0 0.326 -

Properties Diesel Fusel oil F20

Density [g/m3] 0.746 0.847 0.761

Heating value MJ/kg 47.5 30 42.12

Cetane Number 46 - 38

Water content (%) - 13.5 0.88

Hydroyen (%) 33–16 5.749 -
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FIGURE 3
Comparison fuel consumption for Diesel and F20 at (A) 1,500 rpm and (B) 2,100 rpm.

FIGURE 4
Comparison of gas exhaust temperature for Diesel and F20 at (A) 1,500 rpm and (B) 2,100 rpm.

FIGURE 5
Comparison NOx emissions for Diesel and F20 at (A) 1,500 rpm and (B) 2,100 rpm.
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oil, as shown in Table 2. Additionally, the elevated oxygen
concentration in fusel oil contributes to an increase in
CO2 levels. The increase in CO2 levels seen while using F20 fuel
at an engine speed of 2,100 rpm and a load of 75% was found to be
3% higher than when using pure diesel fuel.

Figures 7A, B depict variations in carbon monoxide (CO)
emissions under different engine loads (0%, 25%, 50%, and 75%)
for two types of fuels, namely, F20 and pure diesel. The
measurements were taken at two different engine speeds,
specifically 1,500 and 2,100 revolutions per minute (rpm). In
general, the use of alcohol-based fuelsfuels inside internal
combustion engines leads to a discernible decrease in carbon
monoxide (CO) emissions. The decrease in fuel consumption
may be ascribed to the oxygen-rich nature and advantageous
flammability attributes of alcohol-based fuels (Hsieh et al., 2002;
Yüksel and Yüksel, 2004).

Nevertheless, the current investigation observed that the use of
fusel oil, an alcohol-derived fuel, resulted in elevated carbon
monoxide (CO) emissions, with a mean increment of 25%. The
oxidation mechanism of the mixture is impacted by the
temperatures inside the cylinder as the flame develops and
spreads. Reduced in-cylinder temperatures have the potential to
impede the achievement of full combustion, particularly in cases

when the length of flame propagation is prolonged. In the context of
fusel oil, the presence of water content led to a decrease in
temperatures inside the combustion chamber, hence causing a
significant rise in carbon monoxide (CO) emissions.

4 Conclusion

In summary, fusel oil, which is a by-product derived from the
production of ethanol, is an energy source that has not been fully
exploited and has promising advantages. The present research
aimed to examine the utilization of diesel fuel and fuel oil-diesel
blends in a single-cylinder four-stroke diesel engine with a
compression ratio of 17.7. The engine was subjected to different
engine loads and speeds throughout the experimental investigation.

The aforementioned data indicate that the addition of fusel oil to
diesel results in an augmentation of the fuel’s oxygen content,
accompanied by a reduction in its heating value. Consequently,
the utilization of this blended fuel leads to heightened fuel
consumption in comparison to the usage of pure diesel.
Nevertheless, when subjected to certain operational
circumstances, such as in F20 mixtures, the emissions of nitrogen
oxides (NOx) were successfully reduced, with the most substantial

FIGURE 6
Comparison CO2 emissions for Diesel and F20 at (A) 1,500 rpm and (B) 2,100 rpm.

FIGURE 7
Comparison CO emissions for Diesel and F20 at (A) 1,500 rpm and (B) 2,100 rpm.
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decrease of 20% being seen at an engine speed of 1,500 revolutions
per minute and an engine load of 75%.

In contrast, the incorporation of fusel oil resulted in a mean
elevation of 30% and 10% in carbon monoxide (CO) and carbon
dioxide (CO2) discharges, correspondingly, in comparison to
undiluted diesel fuel. The rise in emissions may be ascribed to
the reduction in in-cylinder temperatures induced by the presence of
water in fusel oil, impeding the achievement of full combustion,
especially during the propagation of the flame, leading to heightened
levels of CO and CO2 emissions.

In general, it is worth noting that the use of fusel oil-diesel blends
exhibits potential in mitigating NOx emissions. However, it is crucial
to carefully evaluate the associated trade-off of elevated CO and CO2

emissions, necessitating more examination. Gaining insight into
these trade-offs may facilitate the optimization of fusel oil use as a
prospective fuel alternative for internal combustion engines.
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