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This study examines the effects of methanol–diesel blends on the emissions of a
diesel engine, concentrating on carbon monoxide (CO), carbon dioxide (CO2),
nitrogen oxides (NOx), hydrocarbons (HCs), and particulate matter (PM). Using a
single-cylinder four-stroke diesel engine at varying torque settings
(2 N m–6 N m), significant reductions in CO, CO2, HC, and PM emissions
were observed with increasing methanol content. CO emissions reduced by
up to 81.8%, CO2 by up to 64.2%, HC by up to 80.4%, and PM by up to 23.5% with
the MD11 blend. NOx emissions initially increased but decreased by up to 20% at
higher torques with the same blend. These results highlight the environmental
benefits of methanol–diesel blends and the need for effective NOx reduction
strategies.
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1 Introduction

Diesel fuel plays a key role in various areas like industries, transportation, and
agriculture due to its widespread use and high efficiency. However, the growing
consumption of diesel also increases the pollution level in the environment, which
increases global warming due to the extensive emission of different gasses (Alalwan
et al., 2023; Hassan et al., 2023). To reduce these environmental impacts, widespread
efforts have been directed toward discovering alternative fuels such as biofuels. Yet,
challenges related to the ease of use and scalability of biofuels persevere, prompting
ongoing enhancements to predictable fossil fuels through the incorporation of essences.
These additives aim to reduce emissions of particulate matter (PM), unburned
hydrocarbons (HCs), nitrogen oxides (NOx), and carbon oxides (COx) (Alalwan and
Alminshid, 2021), improving fuel quality, enhancing engine performance, and optimizing
productivity (Joshi, 2020).

Among these essences, alcohol blends, particularly ethanol, have been comprehensively
studied for their potential to improve diesel fuel properties. Research has shown that
blending diesel with ethanol in varying relations, typically ranging from 3% to 13%,
improves combustion efficiency due to the enriched oxygen content of ethanol (Johnson
and Joshi, 2018; Vellandi et al., 2021). Despite the advantages of ethanol, its adoption in
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some situations remains limited due to factors such as its poor
cetane number and blending compatibility with diesel.

In contrast, methanol presents an absorbing alternative as an
additive due to its distinct advantages such as cost -effectiveness,
high oxygen content, superior octane ratings, minimal soot
formation, and reduced pollutant emissions related to
conventional fossil fuels (Gülcan et al., 2022; Bhagat et al., 2023;
Suresh and Porpatham, 2024). Methanol can be produced
economically from various feedstocks such as biomass, natural
gas, or coal, further improving its appeal as a sustainable fuel
additive (Biswal et al., 2023; Zhou et al., 2023). Recently, the
methanol blend with diesel has been studied by different engine
configurations, which provide enough explanations proposing
improvements in engine performance and decreases in fuel
consumption and emissions (Xu and Cho, 2021).

Previous studies mostly focus on the implication of
methanol–diesel blends with a focus of engine efficiency and fuel
consumption. However, there is a broad gap in understanding the
specific environmental effects of these methanol blends with diesel
fuels, particularly in the environment of Baghdad, Iraq. To achieve
this gap in various aspects, Iraq’s unique environmental and
economic challenges are considered among its reliance on diesel
fuel (Alalwan et al., 2021; Palani et al., 2022).

Building upon previous research on methanol–diesel blends,
this study aims to develop and evaluate progressive catalytic
converters and after-treatment systems to lessen the increased
NOx emissions resulting from methanol–diesel blends while
enhancing methanol blending ratios for enhanced engine
performance and fuel efficiency (Ramachandra et al., 2020). The
objectives include creating tailored NOx reduction technologies,
performing comprehensive lifecycle and cost-benefit analyses,

investigating necessary engine modifications for higher methanol
blends, conducting long-term performance studies, comparing the
efficacy of methanol–diesel blends with other alternative fuels, and
providing practical insights for broader adoption through real-world
application studies and policy analysis (Jamshaid et al., 2022).

2 Experimental procedure

2.1 Machine test and measurement unit

The experimental work was conducted using a Kohler K321 single-
cylinder four-stroke diesel engine, as shown in Figure 1, atMustansiriyah
University, Baghdad, Iraq. This engine, with a displacement of 512 cc and
a maximum torque of 6 N m (this maximum torque setting represents
typical engine loads to ensure accurate and relevant emission data), was
connected to a DYNOMite hydraulic dynamometer to apply the desired
torque and measure the engine efficiency. Exhaust emissions were
analyzed using an AIRREX HG-540 gas analyzer, and particulate
matter was collected using a fiberglass filter. Further specifications of
the test unit provided in Table 1.

2.2 Fuel preparation

Four types of fuels were used in this study. The first type was pure
diesel, referred to as type D. The other three types were blends of
methanol (ACS grade >99.8%) and diesel at volume ratios of 3%, 7%,
and 11%, designated as MD3, MD7, and MD11, respectively. These
specific ratios were chosen based on previous studies that have shown
effective emission reductions and engine performance improvements at
these levels. The diesel fuel was sourced from Kirkuk Refinery Station
(Iraq), and the blends were prepared in the laboratory of theMechanical
Department. To prevent phase separation, 1% of 1-dodecanol (ACS
grade >98%) was added to each blend. Methanol and 1-dodecanol were
procured from Sigma-Aldrich. Further details on the fuel types and

TABLE 1 Specifications of the test unit Kohler K321.

Parameter Specifications

Engine type 4-stroke, L-head, and 1-cylinder

Engine model K321

Dynamometer DYNOMite

Fuel tank Capacity: 1.9 L

Temperature sensor Thermocouple type

Ignition system Brakeless system

Torque Maximum torque: 20 N m at 3,600 RPM (advertised)
Maximum torque used: 6 N m (during experiment)

Horsepower 14.0 HP at 3,600 rpm

Starting system Electric starter

Cooling system Forced air-cooling system

Piston stroke 82.6 mm

Cylinder bore 88.9 mm

FIGURE 1
Schematic diagram of the Kohler K321 engine.
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their properties are available in previous publications (Tutak et al., 2020;
Hassan et al., 2023).

2.3 Experimental procedure

The experimental procedure was carefully designed to ensure
accurate and reliable results. Initially, the engine fuel tank was
emptied and refilled with the designated fuel type as shown in
Figure 2. The engine was then operated at constant speed
(3,600 rpm) and different torque settings (2, 4, and 6 N m). The
torque settings (2, 4, and 6Nm)were chosen to reflect typical operating
conditions of the engine. These settings allow for the analysis of engine
emissions across a range of loads, ensuring comprehensive assessment
of the effects of the methanol–diesel blends on emissions. After starting
the engine, it was allowed to warm up for 10min before the desired load
was applied using the dynamometer control.

Exhaust emissions were measured to assess the environmental
impact of each fuel type. The emissions included CO and CO2, HC,
NOx, and PM. An AIRREX HG-540 emission analyzer was utilized for
this purpose, as shown in Figure 3, connected to the engine exhaust via a
gas line equipped with a gas meter to measure the flue gas volume. To
capture the particulate matter, a fiberglass filter (Grade 934-AH,
Whatman) was installed, which prevented PM from entering the
analyzer (Zhang et al., 2022). The weight of the particulate matter
was determined by weighing the filter before and after the experiment.

Each experimental setup was run twice to ensure the
repeatability and accuracy of the results, and the average values

were recorded. This methodology provides a robust framework for
evaluating the emissions and performance of methanol–diesel
blends compared to pure diesel.

3 Results and discussion

This section explains the results obtained during the experiment
under different load conditions, and also, the legends explain the
following data:

FIGURE 2
Experimental diagram of the Kohler K321 engine complete setup.

FIGURE 3
AIRREX HG-540 gas analyzer used to measure gas emissions.
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• D for diesel
• MD3 shows 3% methanol blend
• MD7 shows 7% methanol blend
• MD11 shows 11% methanol blend

3.1 Carbon monoxide emission

The study measured CO emissions for pure diesel (D) and
methanol–diesel blends (MD3, MD7, and MD11) at different
torque settings (2, 4, and 6 N m). The results indicate a clear
reduction in CO emissions as the methanol content in the blend
increases, as shown in Figure 4.

For pure diesel, CO emissions increased significantly with
increasing torque, showing values of 0.042%, 0.061%, and 0.132%
at 2, 4, and 6 N m, respectively. In contrast, the MD3 blend
showed a moderate reduction in CO emissions, with values of
0.026%, 0.052%, and 0.076%. This trend continued with the
MD7 blend, where emissions were further reduced to 0.011%,
0.043%, and 0.031%, and the lowest CO emissions were recorded
for the MD11 blend, with values of 0.007%, 0.019%, and 0.024%.
This reduction can be attributed to the higher oxygen content in
methanol, which promotes more complete combustion than pure
diesel. These findings align with those of previous research,
suggesting that alcohol blends improve combustion efficiency
and reduce CO emissions by 81.8%.

3.2 CO2 emission

The CO2 emissions for different fuel blends were analyzed under
varying torque settings, as shown in Figure 5. Pure diesel showed the

highest CO2 emissions, with values of 2.5%, 3.8%, and 8.1% at 2, 4,
and 6 N m, respectively.

As when methanol was added to the diesel, there was a notable
reduction in CO2 emissions. The MD3 blend showed lower
emissions, with values of 1.8%, 3.0%, and 3.4%. This reduction
continued with the MD7 blend, which recorded values of 1%, 2%,
and 3%, and the lowest CO2 emissions were observed for the
MD11 blend, with values of 0.9%, 1.9%, and 2.9%. The decrease
in CO2 emissions with increasing methanol content is due to the
lower carbon-to-hydrogen ratio of methanol, which results in lower
carbon emissions per unit of fuel burned, and the emission of CO2

was decreased by 64.2%.

3.3 NOx emissions

The NOx emissions were measured for pure diesel and
methanol–diesel blends at different torque settings. For pure
diesel, NOx emissions were relatively stable, showing values of
95, 93.4, and 93 ppm at 2, 4, and 6 N m, respectively, as shown
in Figure 6.

With the addition of methanol, NOx emissions initially
increased but then showed a slight decrease at the highest torque
settings. The MD3 blend showed emissions of 180, 179.1, and
177.3 ppm, while the MD7 blend recorded values of 190, 188.3,
and 167.9 ppm. The highest NOx emissions were observed with the
MD11 blend, with values of 205, 200.2, and 199.2 ppm. The higher
NOx emissions at lower torques can be attributed to the increased
combustion temperatures associated with the higher oxygen content
of methanol, which facilitates NOx formation. However, at higher
torques, the slight reduction in NOx emissions was observed due to
more stable combustion and better mixing of air and fuel.

FIGURE 4
Variation in CO emissions with different methanol–diesel blends at various torque settings.
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3.4 HC emissions

HC emissions decreased with the addition of methanol to diesel.
Pure diesel emitted 14, 19, and 25% HC units at 2, 4, and 6 N m,
respectively, as shown in Figure 7.

The MD3 blend showed a reduction in HC emissions, with
values of 5, 4.1, and 9%. This trend of reduction continued with
the MD7 blend, which recorded 4.1, 5.1, and 7%, and the lowest
HC emissions were noted for the MD11 blend, with values of 2,
2.5, and 4.9%. The reduction in HC emissions is likely due to the

more complete combustion facilitated by the higher oxygen
content in methanol. These findings support those of earlier
research, indicating that alcohol blends can effectively reduce
HC emissions.

3.5 PM emission

PM emissions also showed a decreasing trend with increasing
methanol content in the blends. For pure diesel, PM emissions were

FIGURE 6
Variation in NOx emissions with different methanol–diesel blends at various torque settings.

FIGURE 5
Variation in CO2 emissions with different methanol–diesel blends at various torque settings.
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1.3, 1.4, and 1.7 g/hr at 2, 4, and 6 N m, respectively, as shown in
Figure 8. The MD3 blend showed a slight reduction in PM
emissions, with values of 1.2, 1.27, and 1.46 g/hr. This decrease
continued with theMD7 blend, which recorded values of 1, 1.32, and
1.4 g/hr. The lowest particulate matter emissions were observed with
the MD11 blend, with values of 0.7, 1.1, and 1.3 g/hr, respectively.

The reduction in PM emissions can be attributed to the
ability of methanol to reduce soot formation as the methanol

blend burns more cleanly than diesel due to its simpler
molecular structure. This result aligns with that of preceding
studies, demonstrating lower PM emissions from
methanol–diesel blends.

The reduction in CO and HC emissions with higher methanol
content can be explained by the increased oxygen content in
methanol, which promotes more complete combustion. Similarly,
the initial increase in NOx emissions may be attributed to the higher

FIGURE 7
Variation in hydrocarbon (HC) emissions with different methanol–diesel blends at various torque settings.

FIGURE 8
Variation in particulate matter (PM) emissions with different methanol–diesel blends at various torque settings.
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combustion temperatures associated with methanol blends.
However, at higher torque settings, the NOx emissions decrease
slightly, possibly due to the cooling effect of the higher latent heat of
vaporization of methanol.

4 Conclusion

The study demonstrates that methanol–diesel blends
significantly impact the emissions of COx, HC, and PM while
also affecting NOx emissions. These findings indicate the
potential environmental benefits of methanol–diesel blends,
although the increase in NOx emissions suggests the need for
further NOx reduction technologies.

• CO emissions reduced by up to 81.8% with the MD11 blend at
a torque of 6 N m.

• CO2 emissions reduced by up to 64.2% with the MD11 blend
at a torque of 6 N m.

• NOx emissions initially increased, but after achieving a high-
torque setting, the emission reduced by 20% with the
MD11 blend at a torque of 6 N m.

• HC emissions reduced by up to 80.4% with the MD11 blend at
a torque of 6 N m.

• PM emissions reduced by up to 23.5% with the MD11 blend at
a torque of 6 N m.

5 Recommendation

The addition of blends reduces the emission of gasses and
also NOx, but there is still a knowledge gap that can be reduced
more by studying different blends with a combination of
diesel fuels.
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Nomenclature

Terms Description

D Pure diesel

MD3 Diesel blended with 3% methanol

MD7 Diesel blended with 7% methanol

MD11 Diesel blended with 11% methanol

NOx Nitrogen oxide

CO Carbon monoxide

CO2 Carbon dioxide

HC Hydrocarbon

PM Particulate matter

N.m Newton meter (torque)

ppm Parts per million

g/hr Grams per hour

K321 Engine model Kohler K321

DYNOMite Dynamometer used for torque application

AIRREX HG-540 Emission analyzer model

1-Dodecanol Additive to prevent phase separation in methanol–diesel blends

Cc Cubic centimeter (engine displacement)
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