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Solid fuels such as coal and wood contribute to air pollution by releasing
harmful substances into the air during cooking and heating. The burning of coal
emits toxins, and industrial activities further degrade air quality. Although
natural gas is cleaner compared to coal and oil, it still generates harmful carbon
dioxide, with concerns surrounding methane and nitrogen oxides. Tailored
policies are essential to decrease emissions in cities like Tehran, Iran, and
regions in China, emphasizing the necessity for comprehensive strategies. A
search was conducted for keywords related to air pollutants like natural gas,
fuel oil, and diesel in online databases such as Google Scholar and Scopus. A
review of scientific literature on air pollution caused by these fuels was
undertaken, and air pollution production statistics in Iran from 2000 to 2017
were gathered. The One-Sample Kolmogorov-Smirnov Test was used to evaluate
the normality of the air pollutant data distribution, and a descriptive study on
air pollutant production was carried out using SPSS v27 software, which
included statistical tests for correlation analysis. The analysis indicated that
from 2000 to 2017, natural gas was the primary producer of COz, while diesel
was responsible for higher overall pollution despite lower consumption.
Significant correlations between pollution levels and fuel types were discovered,
with diesel exhibiting the highest emissions, underscoring the necessity for
stricter regulations and cleaner fuel alternatives. Strategies to reduce diesel

Keywords:

Air pollutant; Natural gas; Fuel oil; emissions involve increasing natural gas usage, enhancing diesel quality,

Diesel ' ' ' adopting advanced technologies, promoting electric vehicles, enforcing
stringent standards, investing in public transportation.

Introduction coal and wood are key pollution sources, often

he World Health Organization (WHO)
notes that over 80% of urban residents
breathe unhealthy air, primarily in low-
and middle-income countries. In
developing areas, solid fuels such as

used for cooking and heating. Burning these
fuels emits harmful substances like particulate
matter and carbon monoxide. Coal burning
releases toxic materials like sulfur and heavy
metals, while industrial emissions and
vegetation fires worsen outdoor pollution. To
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tackle air pollution, policy changes and
personal efforts are necessary, especially in the
most affected developing countries [1]. Natural
gas is primarily composed of methane and
forms from decomposed organic matter under
high pressure and temperature. It burns cleaner
than coal and oil, producing less sulfur dioxide
and nitrogen oxides, but still emits carbon
dioxide, which contributes to climate change
[2]. After extraction, heavy oil is refined into
various products, with fuel oil being significant,
often referring to diesel fuel. Diesel is mainly
produced through the distillation of crude oil
and is suitable for compression ignition
engines, which ignite the fuel through heat
instead of a spark [3]. Refining heavy oil into
diesel includes desulfurization to reduce sulfur
emissions linked to acid rain. New refining
technologies are being developed to improve
efficiency and reduce environmental impact.
Both natural gas and heavy oil are crucial in the
energy sector, necessitating advancements to
address environmental concerns [4]. In the
United States, the transition from coal to
natural gas has significantly improved air
quality and reduced emissions. This shift is
driven by the lower costs of natural gas and
regulations aimed at cutting carbon emissions.
A previous study focused on the closing of coal
plants and the opening of natural gas plants
from 2005 to 2016, examining pollution, air
quality, health impacts, and crop production.
The shutdown of coal plants significantly
lowered pollution levels, especially for
particulate matter and sulfur dioxide, aligning
with past research linking coal emissions to
severe health problems. While natural gas
reduces carbon emissions, it also emits
methane and nitrogen oxides, raising air quality
issues. This emphasizes the need for
monitoring  environmental  effects and
developing renewable energy for sustainable
growth. Future research should evaluate the
impacts of all energy sources to better inform
energy policies [5]. A study examines how
agriculture, industry, and households
contribute to greenhouse gas emissions and
pollutants in Iran over time using a descriptive-
analytical approach. The analysis utilizes data
and statistical tools to uncover relationships
between these sectors and pollutants, including
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nitrogen oxides, sulfur dioxide, carbon dioxide,
sulfur trioxide, carbon monoxide, methane,
suspended particulate matter, and nitrous
oxide [6]. Many large cities struggle to meet
clean air targets, but setting zero greenhouse
gas emissions goals may help improve air
quality. The benefits of electrification depend
on the source of electricity. Tehran's emission
inventory used a detailed method to analyze
emissions from power plants and vehicles. The
study aimed to improve policymaking, analyze
emissions over a four-year period, and evaluate
inventory methods. Findings showed annual
emissions of 478 kt CO, 103 kt NO, 91 kt VOCs,
and 19 kt SOy, highlighting the need for targeted
policies on greenhouse gases and air quality [7].
The relationship between natural gas use,
economic growth, and PM;s emissions in China
was explored. It found that increased natural
gas consumption raises PM;s emissions
nationwide, but in regions with high natural gas
use, emissions decrease. The study supported
the Environmental Kuznets Curve concept,
suggesting emissions initially rise with
economic growth before declining due to
regulations. It called for tailored policies for
different regions, suggesting investment in
natural gas where feasible while enforcing
stricter measures where needed [8]. The effects
of China's "coal-to-gas" policy on regional air
quality showed significant PM;s reductions in
targeted northern areas but increases in
southern regions due to natural gas shortages
from energy transitions. Around 60% of PM;s
reductions in pilot cities were attributed to coal
control measures, indicating their success but
also pointing out the complexities in energy and
environmental policy. This stresses the need for
integrated strategies for cleaner air and better
health outcomes [9]. An analysis of air
pollutants in Tehran from 2005 to 2016
showed that CO and SO levels decreased by
approximately 50% due to improved fuel
quality and vehicle standards. However, NO;
levels increased by over 50%, influenced by an
increase in the number of vehicles and changes
in heating fuels. O3 formation shifted from being
NO-limited to NOyx-saturated around 2012-
2013. PM3;s levels slightly decreased by around
30% from 2011 to 2015 but increased from
2015 to 2016, partially due to a drought
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causing more dust. Asbestos fibers in the air
declined by more than 60% between 2012 and
2015 [10]. Due to the growing trend of using
natural gas as a fuel in our country, Iran is
experiencing a shift in the quantity and type of
pollution. We conducted a study on air
pollution emissions from natural gas, fuel oil,
and diesel sources in Iran from 2000 to 2017.

Materials and Methods
Literature review

Initially, a search of keywords related to our
study such as natural gas, fuel oil, and diesel
was conducted using online databases like
Scholar and Scopus. Scientific literature and
databases focusing on air pollution caused by
these fuels were reviewed.

Data collection

Initially, data on air pollution statistics were
gathered, specifically focusing on pollutants and
greenhouse gas emissions from natural gas, fuel
oil, and diesel in Iran. This data included annual
emissions in tons of air pollutants like NOy, SO,
CO,, SOs3, CO, CHy4, SPM, and N0 from natural
gas, fuel oil, and diesel between 2000 and 2017.
The information was sourced from the
Statistical Center of Iran's database, available at
https://amar.org.ir [11,12].

Data distribution analysis

The One-Sample Kolmogorov-Smirnov Test
was utilized to analyze the normality of data
distribution, consisting of the annual
production of air pollutants and greenhouse gas
emissions from natural gas, fuel oil, and diesel
fuels in Iran during 2000-2017 [13].

Descriptive and analytical study

A descriptive study and comparison of the
annual production of air pollutants and
greenhouse gases from natural gas, fuel oil, and
diesel fuels from 2000 to 2017 was conducted
using SPSS v27 software. The correlation
between the annual production of air pollutants
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and greenhouse gases was investigated using
the Spearman's correlation test in SPSS v27
software. The difference in the annual
production of air pollutants among the three
fuels - natural gas, fuel oil, and diesel in Iran
was investigated using the Kruskal-Wallis H
test. However, for the wvariable SOs3, the
comparison between fuel oil and diesel was
done using the Independent Samples Test in
SPSS v27 software [13].

Results and Discussion

The annual mean production of air pollutant
gases resulting from the consumption of natural
gas, fuel oil, and diesel fuels in Iran from 2000 to
2017 was analyzed

The annual mean amount of carbon dioxide
(COz) produced from natural gas was
251,188,400 tons, significantly higher than that
from fuel oil at 51,600,121 tons and diesel at
87,033,449 tons. This disparity is due to natural
gas being the predominant fuel used in the
country. Despite diesel fuel producing the most
air pollutants, its share in total fuel
consumption is lower compared to natural gas.
Overall, natural gas is a cleaner fuel (Figures 1
and 2). The annual mean production of air
pollutants from diesel for NOx was 644,507
tons, CO was 143,405 tons, CHs was 151,836
tons, SPM was 272,343 tons, and N,0 was 7,514
tons. However, diesel's share in total fuel
consumption is lower compared to natural gas.
To assess pollution levels, we calculated the
ratio of the annual mean production of carbon
dioxide to the annual mean production of each
pollutant studied. Natural gas had the highest
ratios, such as CO,/SO- at 419,234.262, CO,/CO
at 3,940.529, CO2/CH,4 at 19,207.853, CO2/SPM
at 9,980.863, and CO2/N;0 at 441,107.034. The
CO2/NOy ratio was highest for natural gas at
578.031. Sulfur pollutants were higher during
diesel and fuel oil consumption, with fuel oil
producing more SO, and SOz annually
compared to diesel. The annual mean
production of SO, was 664,238 tons from fuel
oil and 488,161 tons from diesel, while the
annual mean production of SOz was 6,915 tons
from fuel oil and 6,461 tons from diesel.
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Table 1. The emissions of air pollutants from natural gas, fuel oil, and diesel fuels in Iran from 2000 to 2017
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Figure 1: Comparison of the average production of air pollutant gases resulting from the consumption of
natural gas, fuel oil, and diesel fuels in Iran from 2000 to 2017
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Figure 2: Comparative charts of air pollutant emissions from natural gas, fuel oil, and diesel fuels in Iran from
2000 to 2017.
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Table 2: A descriptive overview of air pollutants emitted by natural gas, fuel oil, and diesel fuel
Variable N Nature Gas Fuel Oil Diesel
s Mean Std. Mean Std. Mean Std.
Deviation Deviation Deviation
NOy 1 434558.61 217430.49 132577.44 42326.65 644507.44 123016.26
8
SO: 1 599.16 105.06 664238.44 285774.86 488161 52437
8
CO: 1 251188400. 86899699 51600121. 15793551.8 87033449. 15168100.1
8 9 6 6
SO; 1 - - 6915.22 2978.61 6461.16 1897.63
8
co 1 63744.83 50181.6 37846.66 37715.39 143405.38 17295.03
8
CH4 1 13077.38 8671.13 3398.05 2066.25 151836.55 190658.59
8
SPM 1 25167 7857.62 29656.61 61600.25 272343 31777.4
8
N:0 1 569.45 93.88 369.27 120.64 7514.54 554.62
1
C0/NOx 1 578.031 - 389.207 - 135.038 -
8
C0,/S0; 1 419234.262 - 77.683 - 178.288 -
8
C02/S0; 1 - - 7461.819 - 13470.251 -
8
C0z/Co 1 3940.529 - 1363.399 - 606.905 -
8
C0;/CH:y 1 19207.853 - 15185.215 - 573.204 -
8
C0/SPM 1 9980.863 - 1739.919 - 319.572 -
8
C02/N:0 1 441107.034 - 139735.48 - 11582.006 -
1 2

Among the fuels studied, diesel had the
highest pollution levels based on the lowest
ratio between CO; production and other air
pollutants: C0./CO at 606.905, CO;/CH. at
573.204, and CO;/SPM at 319.572. During the
study period, CO production from diesel was
higher than from natural gas and fuel oil. There
was a sudden increase in CO production from
natural gas and fuel oil in 2008. Methane
production from diesel increased suddenly
after 2007, dropping significantly in 2007 due
to technological advancements. The majority of
N20 production is from diesel fuel (Tables 1 and
2).

Data distribution

When analyzing emissions of air pollutants
from natural gas fuel, it was found that the
variables for annual CO and CH4 emissions do
not follow a normal distribution. However, the
variables for annual SPM, N0, NO,, SO, and
CO; emissions do exhibit a normal distribution.
In the case of fuel oil, the variables for CO, CHa,
and SPM emissions do not adhere to a normal
distribution. On the other hand, for diesel fuel,
the variables for SO, SO3, and CH4 emissions do
not conform to a normal distribution. Among all
the samples, only the variable for SO; emissions
conforms to a normal distribution, while the
other air pollutants do not (see Supplement 1).

Correlation between study year and annual
production of air pollutants from natural gas fuel
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There is a direct and significant correlation
between the annual productions of the studied
air pollutants (p < 0.01). However, it is
important to note that these pollutants are
lower compared to the other studied fuels.
Furthermore, the direct and significant
correlation between the study year and the
annual production of air pollutants (p < 0.01)
suggests that there has been an increase in
natural gas consumption in our country, Iran
(Supplements 2 and 3). The correlation
between natural gas use and air pollutants is
complex and involves several scientific
principles. Natural gas has a higher hydrogen-
to-carbon ratio than coal and oil, leading to less
carbon monoxide (CO) emission since more
hydrogen promotes complete oxidation of
carbon during combustion. Furthermore,
natural gas has lower sulfur content, resulting
in reduced emissions of sulfur dioxide (SO2),
which is harmful to health and contributes to
acid rain [14]. Nitrogen oxides (NOy) form
during high-temperature combustion, with
their amount depending on conditions rather
than just fuel composition. Although natural gas
typically burns at lower temperatures and thus
produces fewer nitrogen oxides, the specific
outcomes depend on the combustion process
and other nitrogen compounds present. Natural
gas combustion also leads to fewer particulate
matters (PM) and volatile organic compounds
(VOCs) compared to coal and oil, though
emissions rely on other gas compounds and
technology used [15]. While methane (CH4) is a
significant component of natural gas and a
potent greenhouse gas, its combustion
primarily releases carbon dioxide (CO2) and
water vapor. However, unburned methane can
escape during production and distribution,
adding to global warming. The temperature of
combustion impacts nitrogen oxide formation;
properly managing combustion can help reduce
these emissions [16]. To reduce environmental
impacts from natural gas use, strategies include
improving combustion efficiency, adopting
cleaner technologies, and implementing
emission control systems. In addition, capturing
methane emissions through leak detection and
infrastructure upgrades is essential. Finally,
transitioning to renewable energy sources like
wind, solar, and hydroelectric power is crucial

2025, Volume 6 Issue 1

for decreasing greenhouse gas emissions
further. Overall, the use of natural gas must be
managed alongside environmental
considerations [17]. Advanced pollution control
technologies can greatly reduce nitrogen oxides
and other emissions. Furthermore, shifting
from higher-emission fuels to natural gas can
lower the emissions of pollutants like SO; and
PM, explaining reduced pollutant levels in areas
with increased natural gas use [18].

Correlation between the study year and the
annual production of air pollutants from fuel oil

The inverse correlation observed between the
study year index and the annual production of
sulfur trioxide (SO3), methane (CH4), and
nitrous oxide (N:0) pollutants implies that,
despite an increase in fuel oil consumption,
efforts to mitigate these specific emissions have
been somewhat successful over time. This
success could be attributed to the
implementation of stricter environmental
regulations, technological advancements, or a
shift in industrial practices aimed at reducing
these pollutants. The direct and significant
correlations between the annual production of
nitrogen oxides (NOx) and other pollutants such
as N;O, suspended particulate matter (SPM),
carbon monoxide (CO), CO2, and SO, suggest
that the formation of these pollutants may be
interconnected. This indicates that the
combustion processes involved in fuel oil
flaring contribute to the production of these
gases in a way that is not entirely independent.
For example, high-temperature combustion,
typical in flaring, can lead to the formation of
both NOyx and CO, which are known to be
produced during incomplete combustion. In
addition, the oxidation of sulfur compounds in
fuel oil can result in the formation of SO,, which
may further react to form SO3 in the presence of
atmospheric oxygen [19]. The direct and
significant correlation between the annual
production of CO; index and N0, SPM, and CO
indices suggests that burning fuel oil is
associated with the production of these
pollutants. The direct correlation between the
annual production of CO and SPM may also
indicate incomplete combustion or other
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combustion processes contributing to particle
formation [20].

The direct and significant correlation between
CHs and N;0 is expected, as both are
greenhouse gases produced during flaring.
While CH4 is a potent greenhouse gas, N»O is
even more potent and can result from the
reaction of nitrogen and oxygen in high-
temperature combustion environments [16,20].
The absence of a significant correlation
between the study year index and SO; and CO-
emission rates may suggest that control
measures for these pollutants have been less
effective compared to those for CHs and SOs.
This could be due to various factors, such as the
stability of these gases in the atmosphere,
natural sinks, or the effectiveness of control
technologies used for their reduction. However,
a lack of significant correlation does not
necessarily mean emissions have not changed;
rather, it indicates that observed changes are
not statistically correlated with the timeframe
considered in the study [19-20] (Supplements 4
and 5).

Correlation between the study year and the
annual production of air pollutants from Diesel
Fuel

There is a direct correlation between the study
year and the annual production of pollutants
such as nitrogen oxides (NOx), sulfur dioxide
(SO2), SOz, carbon monoxide (CO), carbon
dioxide (CO2), and suspended particulate
matter (SPM). The increase in these pollutants
may be due to heightened industrial activities,
energy consumption, or a higher number of
diesel vehicles, often associated with economic
growth and urban expansion [21,22]. In
contrast, there is an inverse correlation
between the study year and emissions of
methane (CH4) and nitrous oxide (N:z0). This
decline may result from environmental
regulations aimed at reducing emissions from
specific sources. Advances in diesel engine
technology or changes in industrial processes
could also lead to decreased emissions [23].
The direct correlations among the annual
production of pollutants like NOx, CO, SOz, CO»,
and SPM suggest that they may have similar
sources or creation processes. For example,
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fossil fuel combustion, especially in diesel
engines, is a significant source of these
pollutants. The correlation between the annual
production of CO; and SPM indicates that
vehicle emissions contribute to both types of
pollution [24]. An inverse correlation between
NOx and CH4 emissions may indicate different
sources or effective regulatory measures for
one pollutant over another. Efforts to reduce
NOx through technology like catalytic
converters may not significantly impact
methane emissions, which are often linked to
landfills, agriculture, and natural gas systems.
Moreover, a correlation exists between the
annual production of CO and SPM, likely due to
shared emission sources such as incomplete
fossil fuel combustion [25].

Different pollutants stem from distinct
chemical processes in diesel combustion.
Emission control technologies also influence
the correlation between the annual production
of methane and other emissions. Changes in
diesel fuel quality over the study year,
particularly regarding sulfur content due to
regulations, are significant. Adopting ultra-low-
sulfur diesel (ULSD) reduces SO, and SPM but
may have little effect on methane emissions
[26] (Supplements 6 and 7).

Mean comparison among three
(representing the type of fuel studied)

groups

According to Kendall's correlation test, a
direct and significant correlation was found
between the group type index (representing the
type of fuel studied ordered by pollution ratio)
and the annual production of air pollutants
such as SOz, CO, SPM, and N;O. This highlights
the importance of fuel selection in
environmental policy. The findings suggest that
transitioning to cleaner fuels like natural gas
and fuel oil could have significant
environmental benefits by reducing harmful
pollutants. These pollutants are known to
contribute to respiratory diseases, acid rain,
and the formation of photochemical smog,
emphasizing the urgency of reducing their
emissions [27].

In contrast, there was an inverse and
significant correlation between the group type
index and the annual production of CO..
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Table 3: The results of a correlation test conducted between the group type index (representing the type of
fuel studied) and other air pollution indices. In this study, fuel groups were ranked based on the degree of
pollutant emissions (ratios of CO,/SPM, C0O,/S0,, CO2/SP, CO,/CO, CO2/N0) for the fuels under study

Kendall's tau Correlations Spearman's rho

Variables NOy S0 CO; co CH,4 SPM N.0 Variables SO3
Grou Correlati 0.161 0427 - 408* - 370*  .304* Grou Correlati -
ps on 1 ok .304* * 0.023 * ps on 0.144
Coefficie * 7 Coefficie 3
nt nt
Sig. (2- 0.131 0.000 0.004 0.000 0.824 0.000 0.028 Sig. (2- 0.400
tailed) 5 4 1 1 5 1 tailed) 7
N 54 54 54 54 54 54 33 N 36

** Correlation is significant at the 0.01 level (2-tailed).
*._ Correlation is significant at the 0.05 level (2-tailed).

Table 4: The mean comparison among three groups in tests representing the type of fuel

Kruskal-Wallis Test Independent Samples
Test
Variables NO« SO, CO; Cco CH4 SPM N0 Variables SO3
Kruskal- 36.33 37.673 44.78 36.253 13.46  37.25 27.12 t-test for 0.545
Wallis H 2 4 8 9 Equality of
Means (t)
df 2 2 2 2 2 2 2 df 28.848
Asymp. Sig.  0.000 0.000  0.000 0.000 0.001 0.000 0.000 Sig. (2- 0.59
tailed)

When the asymptotic significance is less than 0.05 in the Kruskal-Wallis Test, it indicates a significant difference.
When the significance (2-tailed) is less than 0.05 in the Independent Samples Test, it also indicates a significant

difference.

No significant correlation was found between
the group type index and the annual production
of methane (CH4) as an air pollutant. Diesel
engines, for example, are generally more
efficient than gasoline-powered engines,
resulting in lower CO, emissions per unit of
energy produced. However, it is crucial to
consider the environmental impact of diesel
exhaust, which includes higher emissions of
other pollutants like NOy and particulates that
are harmful to human health and the
environment [28]. Diesel fuel had the highest
mean annual production of air pollutants, with
NOy at 644,507 tons, CO at 143,405 tons, CH4 at
151,836 tons, SPM at 272,343 tons, and N0 at
7,514 tons. Despite this, its contribution to total
fuel consumption in Iran is low. The Kruskal-
Wallis H test showed significant differences in
pollutant emissions among different fuel types
Table 3 and 4. The high levels of NOy, CO, CHa,
SPM, and N;0 associated with diesel
consumption are particularly concerning due to
their impact on ozone formation, respiratory
health, and global warming potential [29]. The

implications of these findings for Iranian
environmental policy are twofold. Firstly, while
diesel may emit less COy, its high levels of other
pollutants indicate a significant overall
environmental impact that requires attention in
terms of public health and environmental
degradation. For example, policymakers could
consider implementing stricter emissions
standards for diesel vehicles or promoting
cleaner fuels and vehicles with lower emissions
[22-28]. Investing in public transportation
systems powered by cleaner energy sources
could also help reduce reliance on diesel-
powered transport, thereby decreasing
associated health risks [22-29].

Conclusion

Strategies to reduce the environmental impact
of diesel-related air pollution emissions in Iran
focus on improving air quality and protecting
health. Each strategy is important and
understanding them helps clarify their
principles. One key strategy is increasing the

29
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use of natural gas, which results in lower
emissions of nitrogen oxides, sulfur dioxide,
and carbon dioxide compared to diesel. Natural
gas is cleaner and more efficient, producing less
particulate matter and minimizing smog
formation. Improving diesel fuel quality is also
important. Using low-sulfur diesel and meeting
stricter standards, like Euro 5 or Euro 6, can
lower the emissions of harmful gases. Low-
sulfur diesel supports advanced technologies
that effectively reduce emissions, and adding
bio-components to diesel can help cut
greenhouse gas emissions. Investing in
advanced emission control technologies is
critical. Technologies such as selective catalytic
reduction (SCR) and diesel particulate filters
(DPF) can significantly lower emissions by
converting nitrogen oxides and capturing
particulate matter from exhaust. Promoting
alternative fuels and vehicles is another
necessary step. Electric and hybrid vehicles
produce no tailpipe emissions, while biofuels,
like biodiesel, have a smaller carbon footprint.
Policies that support these options through
subsidies and infrastructure can encourage
their adoption, depending on sustainable
electricity sources for EVs and biofuel
production. Enforcing strict emission standards
ensures compliance with environmental rules,
involving inspections and penalties. Scientific
studies establish these limits and how to
achieve them. Investing in public transportation
can decrease the number of diesel vehicles,
reducing fuel consumption and emissions.
Successful public transport systems need to be
accessible, affordable, and efficient.
Implementing emissions trading schemes offers
financial incentives to lower emissions through
cap-and-trade systems, promoting cost-
effective  emission  reductions. = Regular
monitoring and reporting of fuel consumption
and emissions are necessary for informed
policymaking. This includes identifying trends
and evaluating the success of strategies. These
approaches are supported by scientific
principles related to air quality and health.
Considerations of Iran’s unique context,
including economic conditions and
collaboration opportunities, are essential for
effective strategy implementation. In addition,
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public education can cleaner

transportation choices.

encourage

Acknowledgements

We are grateful to the Behbahan Faculty of
Medical Sciences for their support in
conducting this study. This research is part of
the project "Analytical study on estimating the
amount of gaseous pollutants from natural gas,
fuel oil, and diesel fuel nationwide from 1379 to
1396 based on the energy balance sheet,
Ministry of Energy," registered with code
403065 at the Behbahan Faculty of Medical
Sciences.

There are no conflicts of interest in the current
study.

Orcid

Roohallah Yousefi"*': 0000-0002-1547-6752

Shahla Mokaramian“"': 0000-0001-9902-2127

Reference

[1]. V. Guercio, I.C. Pojum, G.S. Leonardi, C.
Shrubsole, A.M. Gowers, S. Dimitroulopoulou,
K.S. Exley, Exposure to indoor and outdoor air
pollution from solid fuel combustion and
respiratory outcomes in children in developed
countries: a systematic review and meta-
analysis, Science of the Total Environment,
2021, 755, 142187. [Crossref], [Google Scholar],
[Publisher]

[2]. M.A. Mac Kinnon, ]. Brouwer, S. Samuelsen,
The role of natural gas and its infrastructure in
mitigating greenhouse gas emissions,
improving regional air quality, and renewable
resource integration, Progress in Energy and
Combustion Science, 2018, 64, 62-92. [Crossref],
[Google Scholar], [Publisher]

[3]- G. Marketing, Diesel fuels technical review,
Chevron Corporation, San Ramon, CA, 2007d
SearchdPubMed d, 2007. [Google Scholar],
[Publisher]

[4]. L. Shafiq, S. Shafique, P. Akhter, M. Ishaq, W.
Yang, M. Hussain, Recent breakthroughs in deep
aerobic oxidative desulfurization of petroleum
refinery products, Journal of Cleaner Production,


https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://doi.org/10.1016/j.scitotenv.2020.142187
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.%09Guercio+V%2C+Pojum+IC%2C+Leonardi+GS%2C+Shrubsole+C%2C+Gowers+AM%2C+Dimitroulopoulou+S%2C+Exley+KS.+Exposure+to+indoor+and+outdoor+air+pollution+from+solid+fuel+combustion+and+respiratory+outcomes+in+children+in+developed+countries%3A+a+systematic+review+and+meta-analysis.+Science+of+the+Total+Environment.+2021+Feb+10%3B755%3A142187.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0048969720357168
https://doi.org/10.1016/j.pecs.2017.10.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Mac+Kinnon+MA%2C+Brouwer+J%2C+Samuelsen+S.+The+role+of+natural+gas+and+its+infrastructure+in+mitigating+greenhouse+gas+emissions%2C+improving+regional+air+quality%2C+and+renewable+resource+integration.+Progress+in+Energy+and+Combustion+science.+2018+Jan+1%3B64%3A62-92.&btnG=
https://www.sciencedirect.com/science/article/pii/S0360128517300680
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Marketing+G.+Diesel+fuels+technical+review.+Chevron+Corporation%2C+San+Ramon%2C+CA%2C+2007%C3%A1+Search%C3%A1PubMed+%C3%A1.+2007.&btnG=
https://www.transportationenergy.org/councils/medium-heavy-duty-vehicle-committee/diesel-fuels-technical-review
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127
https://orcid.org/0000-0002-1547-6752
https://orcid.org/0000-0001-9902-2127

Journal of Engineering in Industrial Research

2021, 294, 125731. [Crossref], [Google Scholar],
[Publisher]

[5]. J.A. Burney, The downstream air pollution
impacts of the transition from coal to natural
gas in the United States, Nature Sustainability,
2020, 3, 152-160. [Crossref], [Google Scholar],
[Publisher]

[6]. M.N. Mousavi, K]J. Ghalehteimouri, H.
Hekmatnia, A. Bagheri-Kashkouli, F. Kahaki,
Evaluating sector-based impact of
environmental indicators on Iran GHGs
emission: A scenario developing approach,
Environment, Development and Sustainability,
2023, 1-28. [Crossref], [Google Scholar],
[Publisher]

[7]. H. Shahbazi, A.M. Abolmaali, H. Alizadeh, H.
Salavati, H. Zokaei, R. Zandavi, S. Torbatian, D.
Yazgi, V. Hosseini, An emission inventory
update for Tehran: The difference between air
pollution and greenhouse gas source
contributions, Atmospheric Research, 2022, 275,
106240. [Crossref], [Google Scholar],
[Publisher]

[8]. H. Li, M. Shahbaz, H. Jiang, K. Dong, Is
natural gas consumption mitigating air
pollution? Fresh evidence from national and
regional analysis in China, Sustainable
Production and Consumption, 2021, 27, 325-
336. [Crossref], [Google Scholar], [Publisher]
[9]. S. Wang, H. Su, C. Chen, W. Tao, D.G. Streets,
Z. Lu, B. Zheng, G.R. Carmichael, |. Lelieveld, U.
Poschl, Natural gas shortages during the “coal-
to-gas” transition in China have caused a large
redistribution of air pollution in winter 2017,
Proceedings of the National Academy of Sciences,
2020, 117, 31018-31025. [Crossref], [Google
Scholar], [Publisher]

[10]. D.A. Garcia-Gonzales, S.B. Shonkoff, ]. Hays,
M. Jerrett, Hazardous air pollutants associated
with upstream oil and natural gas development:
A critical synthesis of current peer-reviewed
literature, Annual Review of Public Health, 2019,
40, 283-304. [Crossref], [Google Scholar],
[Publisher]

[11]. A. Faryadras, A. Maleki, Window to the
concept of peak oil and policy implications:
Case of Iran, Iranian Journal of Public Policy,
2023, 9, 78-99. [Crossref], [Google Scholar],
[Publisher]

[12]. R. Yousefi, S. Mokaramiyan, Statistical
study of air pollutant emissions from 1996 to

2025, Volume 6 Issue 1

2017 in domestic, commercial, and public
sectors compared to the agricultural sector,
Journal of Engineering in Industrial Research,
2025, 5,171-187. [Crossref], [Publisher]

[13]. A. Rahman, M.G. Muktadir, SPSS: An
imperative quantitative data analysis tool for
social science research, International Journal of
Research and Innovation in Social Science, 2021,
5,300-302. [Google Scholar], [Publisher]

[14]. S.J.M. Algayyim, K. Saleh, A.P. Wandel],
I.M.R. Fattah, T. Yusaf, H.A. Alrazen, Influence of
natural gas and hydrogen properties on
internal combustion engine performance,
combustion, and emissions: A review, Fuel,
2024, 362,130844. [Crossref], [Google Scholar],
[Publisher]

[15]. K. Muric, O. Stenlaas, P. Tunestal, B.
Johansson, An in-cycle based NO, reduction
strategy using direct injection of adblue, SAE
International Journal of Engines, 2014, 7, 1984-
1996. [Google Scholar], [Publisher]

[16]. T. Kleinen, S. Gromov, B. Steil, V. Brovkin,
Atmospheric methane underestimated in future
climate projections, Environmental Research
Letters, 2021, 16, 094006. [Crossref], [Google
Scholar], [Publisher]

[17]. ]. Zhang, H. Meerman, R. Benders, A. Faaij,
Potential role of natural gas infrastructure in
China to supply low-carbon gases during 2020-
2050, Applied Energy, 2022, 306, 117989.
[Crossref], [Google Scholar], [Publisher]

[18]. P. Song, X. Mao, Z. Li, Z. Tan, Study on the
optimal policy options for improving energy
efficiency and Co-controlling carbon emission
and local air pollutants in China, Renewable and
Sustainable Energy Reviews, 2023, 175, 113167.
[Crossref], [Google Scholar], [Publisher]

[19]. Y. Sarbassov, L. Duan, V. Manovic, E.J.
Anthony, Sulfur trioxide formation/emissions
in coal-fired air-and oxy-fuel combustion
processes: A review, Greenhouse Gases: Science
and Technology, 2018, 8, 402-428. [Crossref],
[Google Scholar], [Publisher]

[20]. M. Kuson, ]J. Mahujchariyawong, T.
Satapanajaru, T. Prueksasit, Assessment and
management of air pollutant emissions from
vehicles in the Bangkok Metropolitan Region,
Science & Technology Asia, 2023, 144-155.
[Google Scholar], [Publisher]

[21]. J. Hu, Y. Wu, Z. Wang, Z. Li, Y. Zhou, H.
Wang, X. Bao, ]. Hao, Real-world fuel efficiency

31



https://doi.org/10.1016/j.jclepro.2020.125731
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Shafiq+I%2C+Shafique+S%2C+Akhter+P%2C+Ishaq+M%2C+Yang+W%2C+Hussain+M.+Recent+breakthroughs+in+deep+aerobic+oxidative+desulfurization+of+petroleum+refinery+products.+Journal+of+Cleaner+Production.+2021+Apr+20%3B294%3A125731.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652620357772
https://doi.org/10.1038/s41893-019-0453-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Burney+JA.+The+downstream+air+pollution+impacts+of+the+transition+from+coal+to+natural+gas+in+the+United+States.+Nature+Sustainability.+2020+Feb+2%3B3%282%29%3A152-60.&btnG=
https://www.nature.com/articles/s41893-019-0453-5
https://doi.org/10.1007/s10668-022-02805-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Mousavi+MN%2C+Ghalehteimouri+KJ%2C+Hekmatnia+H%2C+Bagheri-Kashkouli+A%2C+Kahaki+F.+Evaluating+sector-based+impact+of+environmental+indicators+on+Iran+GHGs+emission%3A+a+scenario+developing+approach.+Environment%2C+Development+and+Sustainability.+2023+Jan+4%3A1-28.&btnG=
https://link.springer.com/article/10.1007/s10668-022-02805-6
https://doi.org/10.1016/j.atmosres.2022.106240
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Shahbazi+H%2C+Abolmaali+AM%2C+Alizadeh+H%2C+Salavati+H%2C+Zokaei+H%2C+Zandavi+R%2C+Torbatian+S%2C+Yazgi+D%2C+Hosseini+V.+An+emission+inventory+update+for+Tehran%3A+The+difference+between+air+pollution+and+greenhouse+gas+source+contributions.+Atmospheric+Research.+2022+Sep+1%3B275%3A106240.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169809522002265
https://doi.org/10.1016/j.spc.2020.11.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Li+H%2C+Shahbaz+M%2C+Jiang+H%2C+Dong+K.+Is+natural+gas+consumption+mitigating+air+pollution%3F+Fresh+evidence+from+national+and+regional+analysis+in+China.+Sustainable+Production+and+Consumption.+2021+Jul+1%3B27%3A325-36.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352550920313841
https://doi.org/10.1073/pnas.2007513117
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Wang+S%2C+Su+H%2C+Chen+C%2C+Tao+W%2C+Streets+DG%2C+Lu+Z%2C+Zheng+B%2C+Carmichael+GR%2C+Lelieveld+J%2C+P%C3%B6schl+U%2C+Cheng+Y.+Natural+gas+shortages+during+the+%E2%80%9Ccoal-to-gas%E2%80%9D+transition+in+China+have+caused+a+large+redistribution+of+air+pollution+in+winter+2017.+Proceedings+of+the+National+Academy+of+Sciences.+2020+Dec+8%3B117%2849%29%3A31018-25.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Wang+S%2C+Su+H%2C+Chen+C%2C+Tao+W%2C+Streets+DG%2C+Lu+Z%2C+Zheng+B%2C+Carmichael+GR%2C+Lelieveld+J%2C+P%C3%B6schl+U%2C+Cheng+Y.+Natural+gas+shortages+during+the+%E2%80%9Ccoal-to-gas%E2%80%9D+transition+in+China+have+caused+a+large+redistribution+of+air+pollution+in+winter+2017.+Proceedings+of+the+National+Academy+of+Sciences.+2020+Dec+8%3B117%2849%29%3A31018-25.&btnG=
https://www.pnas.org/doi/abs/10.1073/pnas.2007513117
https://doi.org/10.1146/annurev-publhealth-040218-043715
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Garcia-Gonzales+DA%2C+Shonkoff+SB%2C+Hays+J%2C+Jerrett+M.+Hazardous+air+pollutants+associated+with+upstream+oil+and+natural+gas+development%3A+a+critical+synthesis+of+current+peer-reviewed+literature.+Annual+review+of+public+health.+2019+Apr+1%3B40%281%29%3A283-304.&btnG=
https://www.annualreviews.org/content/journals/10.1146/annurev-publhealth-040218-043715
https://doi.org/10.22059/jppolicy.2023.95724
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Faryadras+A%2C+Maleki+A.+Window+to+the+Concept+of+Peak+Oil+and+Policy+Implications%3A+Case+of+Iran.+Iranian+Journal+of+Public+Policy.+2023+Nov+22%3B9%283%29%3A78-99.&btnG=
https://jppolicy.ut.ac.ir/article_95724_en.html?lang=fa
https://doi.org/10.48309/jeires.2024.494369.1140
https://www.jeires.com/article_213195.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Rahman+A%2C+Muktadir+MG.+SPSS%3A+An+imperative+quantitative+data+analysis+tool+for+social+science+research.+International+Journal+of+Research+and+Innovation+in+Social+Science.+2021+Oct%3B5%2810%29%3A300-2.&btnG=
https://ideas.repec.org/a/bcp/journl/v5y2021i10p300-302.html
https://doi.org/10.1016/j.fuel.2023.130844
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Algayyim+SJ%2C+Saleh+K%2C+Wandel+AP%2C+Fattah+IM%2C+Yusaf+T%2C+Alrazen+HA.+Influence+of+natural+gas+and+hydrogen+properties+on+internal+combustion+engine+performance%2C+combustion%2C+and+emissions%3A+A+review.+Fuel.+2024+Apr+15%3B362%3A130844.&btnG=
https://www.sciencedirect.com/science/article/pii/S0016236123034580
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Muric+K%2C+Stenlaas+O%2C+Tunestal+P%2C+Johansson+B.+An+In-Cycle+based+NO%E2%82%93+Reduction+Strategy+using+Direct+Injection+of+AdBlue.+SAE+International+Journal+of+Engines.+2014+Oct+1%3B7%284%29%3A1984-96.&btnG=
https://www.jstor.org/stable/26277904
https://doi.org/10.1088/1748-9326/ac1814
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Kleinen+T%2C+Gromov+S%2C+Steil+B%2C+Brovkin+V.+Atmospheric+methane+underestimated+in+future+climate+projections.+Environmental+Research+Letters.+2021+Sep+1%3B16%289%29%3A094006.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Kleinen+T%2C+Gromov+S%2C+Steil+B%2C+Brovkin+V.+Atmospheric+methane+underestimated+in+future+climate+projections.+Environmental+Research+Letters.+2021+Sep+1%3B16%289%29%3A094006.&btnG=
https://iopscience.iop.org/article/10.1088/1748-9326/ac1814/meta
https://doi.org/10.1016/j.apenergy.2021.117989
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.%09Zhang+J%2C+Meerman+H%2C+Benders+R%2C+Faaij+A.+Potential+role+of+natural+gas+infrastructure+in+China+to+supply+low-carbon+gases+during+2020%E2%80%932050.+Applied+Energy.+2022+Jan+15%3B306%3A117989.&btnG=
https://www.sciencedirect.com/science/article/pii/S0306261921012927
https://doi.org/10.1016/j.rser.2023.113167
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Song+P%2C+Mao+X%2C+Li+Z%2C+Tan+Z.+Study+on+the+optimal+policy+options+for+improving+energy+efficiency+and+Co-controlling+carbon+emission+and+local+air+pollutants+in+China.+Renewable+and+Sustainable+Energy+Reviews.+2023+Apr+1%3B175%3A113167.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032123000230
https://doi.org/10.1002/ghg.1767
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Sarbassov+Y%2C+Duan+L%2C+Manovic+V%2C+Anthony+EJ.+Sulfur+trioxide+formation%2Femissions+in+coal%E2%80%90fired+air%E2%80%90and+oxy%E2%80%90fuel+combustion+processes%3A+a+review.+Greenhouse+Gases%3A+Science+and+Technology.+2018+Jun%3B8%283%29%3A402-28.&btnG=
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/ghg.1767
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Kuson+M%2C+Mahujchariyawong+J%2C+Satapanajaru+T%2C+Prueksasit+T.+Assessment+and+management+of+air+pollutant+emissions+from+vehicles+in+the+Bangkok+Metropolitan+Region.+Science+%26+Technology+Asia.+2023+Dec+27%3A144-55.&btnG=
https://ph02.tci-thaijo.org/index.php/SciTechAsia/article/view/250301

2025, Volume 6 Issue 1 y

and exhaust emissions of light-duty diesel
vehicles and their correlation with road
conditions, Journal of Environmental Sciences,
2012, 24, 865-874. [Crossref], [Google Scholar],
[Publisher]

[22]. L. Sun, T. Zhang, S. Liu, K. Wang, T. Rogers,
L. Yao, P. Zhao, Reducing energy consumption
and pollution in the urban transportation
sector: A review of policies and regulations in
Beijing, Journal of Cleaner Production, 2021,

285, 125339. [Crossref], [Google Scholar],
[Publisher]

[23]. T. Johnson, A. Joshi, Review of vehicle
engine efficlency and emissions, SAE

International Journal of Engines, 2018, 11,
1307-1330. [Google Scholar], [Publisher]

[24]. O. Ogunkunle, N.A. Ahmed, Overview of
biodiesel combustion in mitigating the adverse
impacts of engine emissions on the sustainable
human-environment scenario, Sustainability,
2021, 13, 5465. [Crossref], [Google Scholar],
[Publisher]

[25]. H. Montazerinejad, U. Eicker, Recent
development of heat and power generation
using renewable fuels: A comprehensive
review, Renewable and Sustainable Energy

Journal of Engineering in Industrial Research

Reviews, 2022, 165, 112578. [Crossref], [Google
Scholar], [Publisher]

[26]. F.C. Barbosa, Heavy duty diesel emission
standards regulation evolution review-current
outcomes and future perspectives, SAE
Technical Paper, 2020. [Crossref], [Google
Scholar], [Publisher]

[27]. N. Mohammad, W.W. Mohamad Ishak, S.I.
Mustapa, B.V. Ayodele, Natural gas as a key
alternative energy source in sustainable
renewable energy transition: A mini review,
Frontiers in Energy Research, 2021, 9, 625023.
[Crossref], [Google Scholar], [Publisher]

[28]. B. Sahoo, N. Sahoo, U. Saha, Effect of
engine parameters and type of gaseous fuel on
the performance of dual-fuel gas diesel
engines—A critical review, Renewable and
Sustainable Energy Reviews, 2009, 13, 1151-
1184. [Crossref], [Google Scholar], [Publisher]
[29]. O. Ogunkunle, N.A. Ahmed, Overview of
biodiesel combustion in mitigating the adverse
impacts of engine emissions on the sustainable
human-environment scenario, Sustainability,
2021, 13, 5465. [Crossref], [Google Scholar],
[Publisher]

Copyright © 2025 by authors and SPC (Sami Publishing Company) + is an open access article
distributed under the Creative Commons Attribution License(CC BY) license, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.



https://doi.org/10.1016/S1001-0742(11)60878-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Hu+J%2C+Wu+Y%2C+Wang+Z%2C+Li+Z%2C+Zhou+Y%2C+Wang+H%2C+Bao+X%2C+Hao+J.+Real-world+fuel+efficiency+and+exhaust+emissions+of+light-duty+diesel+vehicles+and+their+correlation+with+road+conditions.+Journal+of+Environmental+Sciences.+2012+May+1%3B24%285%29%3A865-74.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1001074211608784
https://doi.org/10.1016/j.jclepro.2020.125339
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09Sun+L%2C+Zhang+T%2C+Liu+S%2C+Wang+K%2C+Rogers+T%2C+Yao+L%2C+Zhao+P.+Reducing+energy+consumption+and+pollution+in+the+urban+transportation+sector%3A+A+review+of+policies+and+regulations+in+Beijing.+Journal+of+Cleaner+Production.+2021+Feb+20%3B285%3A125339.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652620353841
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Johnson+T%2C+Joshi+A.+Review+of+vehicle+engine+efficiency+and+emissions.+SAE+International+Journal+of+Engines.+2018+Jan+1%3B11%286%29%3A1307-30.&btnG=
https://www.jstor.org/stable/26649163
https://doi.org/10.3390/su13105465
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Ogunkunle+O%2C+Ahmed+NA.+Overview+of+biodiesel+combustion+in+mitigating+the+adverse+impacts+of+engine+emissions+on+the+sustainable+human%E2%80%93environment+scenario.+Sustainability.+2021+May+13%3B13%2810%29%3A5465.&btnG=
https://www.mdpi.com/2071-1050/13/10/5465
https://doi.org/10.1016/j.rser.2022.112578
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.%09Montazerinejad+H%2C+Eicker+U.+Recent+development+of+heat+and+power+generation+using+renewable+fuels%3A+A+comprehensive+review.+Renewable+and+Sustainable+Energy+Reviews.+2022+Sep+1%3B165%3A112578.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.%09Montazerinejad+H%2C+Eicker+U.+Recent+development+of+heat+and+power+generation+using+renewable+fuels%3A+A+comprehensive+review.+Renewable+and+Sustainable+Energy+Reviews.+2022+Sep+1%3B165%3A112578.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032122004749
https://doi.org/10.4271/2019-36-0174
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Barbosa+FC.+Heavy+duty+diesel+emission+standards+regulation+evolution+review-current+outcomes+and+future+perspectives.+SAE+Technical+Paper%3B+2020+Jan+13.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Barbosa+FC.+Heavy+duty+diesel+emission+standards+regulation+evolution+review-current+outcomes+and+future+perspectives.+SAE+Technical+Paper%3B+2020+Jan+13.&btnG=
https://www.sae.org/publications/technical-papers/content/2019-36-0174/
https://doi.org/10.3389/fenrg.2021.625023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09Mohammad+N%2C+Mohamad+Ishak+WW%2C+Mustapa+SI%2C+Ayodele+BV.+Natural+gas+as+a+key+alternative+energy+source+in+sustainable+renewable+energy+transition%3A+a+mini+review.+Frontiers+in+Energy+Research.+2021+May+24%3B9%3A625023.&btnG=
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2021.625023/full
https://doi.org/10.1016/j.rser.2008.08.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.%09Sahoo+BB%2C+Sahoo+N%2C+Saha+UK.+Effect+of+engine+parameters+and+type+of+gaseous+fuel+on+the+performance+of+dual-fuel+gas+diesel+engines%E2%80%94A+critical+review.+Renewable+and+Sustainable+Energy+Reviews.+2009+Aug+1%3B13%286-7%29%3A1151-84.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032108001020
https://doi.org/10.3390/su13105465
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.%09Ogunkunle+O%2C+Ahmed+NA.+Overview+of+biodiesel+combustion+in+mitigating+the+adverse+impacts+of+engine+emissions+on+the+sustainable+human%E2%80%93environment+scenario.+Sustainability.+2021+May+13%3B13%2810%29%3A5465.&btnG=
https://www.mdpi.com/2071-1050/13/10/5465
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

