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Abstract: Air pollution is a precursor to many health issues such as difficulty breathing, asthma,
lung and heart diseases, and cancer. This study presents a concise view of biodiesel combustion
in mitigating pollutant emissions which are generated by the combustion of fossil fuels, thereby
eliminating the negative effects on human health and the environment. Gaseous pollutants such
as carbon monoxide, unburned hydrocarbons, nitrogen oxides, particulate matter, and carbon
dioxide are found to be major exhaust emissions from vehicles running on fossil fuels. Excessive
exposure to these pollutants was found to be a precursor to reductions in life expectancy via health
complications in humans. Greenhouse gas emissions from the transport sector were found to be
24% of total annual emissions, 74.5% of which came from the combustion of fossil fuel in road
vehicles. Biodiesel combustion in vehicular engines is established to be a control technology in
reducing gaseous pollutants toward building a sustainable and healthy human-environment scenario.
The emissions reduction index from the United States National Biodiesel Board showed that the
combustion of biodiesel wholly as a transportation fuel decreased total hydrocarbons, polycyclic
aromatic hydrocarbons, carbon, and sulfur emissions by 67%, 80%, 48%, and 100%, respectively.
Evaluation of emission results from topical literature strongly suggests that the use of biodiesel is
effective in the reduction in pollutants, which is beneficial to human and environmental sustainability.
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1. Introduction

Air is an important component of the environment which aids various life processes
and our subsistence on earth [1]. Air pollution is described as the introduction of pollutants,
contaminated materials, chemicals, or particulate matter into the atmosphere which can
cause damage to human health, other organisms, or to the environment [1,2]. According to
the WHO [3], about seven million deaths are recorded yearly worldwide from excessive
exposure to outdoor air pollution. These estimated deaths occur from excessive exposure to
pollutant emissions which have adverse impacts on human health. Common gaseous and
particulate pollutants, which are very dangerous to human health at high exposure, include
carbon monoxide, ammonia, ethyl benzene, hydrogen sulfide, lead, methyl chloride, nitric
acid, nitrogen dioxide, sulfur dioxide, ozone, welding fumes, and particulate matter. Com-
mon serious air pollution-related diseases and health issues suffered by humans include
acute respiratory problems, cancer, birth defects, long-term lung injury, neurological and
optical damage, risk of stroke, cardiovascular disease, premature death, and morbidity [4,5].
Recent studies on air pollution impacts have confirmed that there is a linear relationship
between infection and death rates of patients suffering respiratory-related diseases in
highly polluted environments [6-11].

The dependency on fossil fuels is currently high, even though their combustion is
detrimental to the environment through the release of harmful emissions into the atmo-
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sphere [12]. Pollutant emissions from the combustion of fossil fuels have placed billions
of lives at risk as a result of the increasing global warming phenomenon, which is caused
by the damaging effect of emissions on the ozone layer, which protects the earth from
the direct impact of sunlight radiation [13]. Air pollution from human-related activities
have led to the formation of poor air quality, especially in urban areas. According to the
World Health Organization (WHO) 2014 report, approximately seven million urban people
globally lost their lives in 2012 as a result of air pollution [14]. High concentrations of
particles in the air are threats to human health because of the associated negative effects
such as heart disease, lung cancer, and lung malfunctions [15].

The human-environment scenario is becoming vulnerable to pollution hazards from
the accumulation of large concentrations of gaseous pollutants in the atmosphere. For
instance, greenhouse emissions are reported to have expansive negative effects on human
health and the surrounding environment [16,17]. Consequently, the climate is changing,
atmospheric temperatures are rising due to trapped heat from accumulated gases, the
glaciers are melting and causing sea levels to rise at greater rates, and particulate matter and
gaseous pollutants contribute to fatal respiratory diseases and health complications [18,19].
Relative to this, obnoxious and poisonous emissions from the combustion of fossil fuel
products cannot be left to pollute our environment and make people susceptible to severe
acute respiratory syndromes [20,21]. However, the use of natural resources in generating
energy offers remarkable solutions in achieving the eradication of pollution and achieving a
sustainable environment. Green technology is fast advancing by several energy-generation
techniques which favor the protection of the natural environment [22,23].

Biofuel production and its utilization, particularly in the transportation industry, is
one of the efficient ways to conserve nature and the environment [24]. Many scientific
reports on the generation and application of renewable energy have shown that alternative
energy sources can efficiently replace fossil fuel based on their renewability and eco-
friendliness. A high level of global transition to clean energy has been witnessed over the
years as the world continues to record huge production and trade-off rates of biofuels,
with many innovative research studies offering progressive solutions [24]. Based on the
increasing explorations of biofuels in vehicular engines, current studies are focused on
developing novel feedstock and techniques to achieve considerable success in cutting
down obnoxious engine emissions from the combustion of fossil fuels [25-28]. The recent
trend of development and applications of biofuels in internal combustion (IC) engines is
evident of increased global adoption and commercial availability to keep fossil fuels out of
use. Between 2015 and 2019, biodiesel industries have increased their production by 15%
compared to previous years [29].

Taking into consideration literature which captures the merits of biodiesel combustion
and the relevance to air pollution reduction and environmental sustainability, there is no
single inclusive study which connects the positive impacts of biodiesel combustion with
reductions in harmful emissions in connection with a sustainable and healthy human-
environment scenario, which can be achieved through clean air. The aim of this study
is to present an overview of biodiesel combustion relative to air pollution reduction and
environmental sustainability. This study was carried out to show the colossal destruc-
tive effects which gaseous pollutants from the combustion of fossil fuel resources have
on the earth and living organisms on its surface. This is a systematic literature review
which is both informative and knowledgeable on the much-needed positive impacts of
biodiesel combustion in creating a sustainable environment. The collation of references
was performed using Elsevier’s reference management software Mendeley. The research
literature was selected from journals indexed in Scopus, Web of Science, and verified
international scientific reports. The chosen studies were peer-reviewed articles which
have contributed significantly to the research area. Several keywords, such as biodiesel,
air pollution, gaseous pollutants, green energy, sustainable development goals, global
warming, and plant oil feedstock, were used for sourcing information.
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In the Introduction, conservation of the environment via the sustainable use of bio-
fuel was presented. Section 2 captures a narrative of pollutant emissions from fossil fuel
combustion in ignition compression (IC) engines. Section 3 covers a discussion on the neg-
ative impacts of pollutant emissions on human quality of life. The abatement of pollutant
emissions via biodiesel combustion was explored in Section 4. Road transportation as a
contributor of harmful air pollutants and the nexus between fuel combustion in IC engines
and sustainable environmental development are discussed further. The metrics which are
expected of a sustainable biofuel, relative to positive human—environmental impacts, are
highlighted for a better understanding of the long-term sustainability of biodiesel.

2. Pollutant Emissions from Fossil Fuel Combustion in IC Engines

Diesel engines are extensively used because of their energy efficiency, high durability,
and reliability. Consequently, they have become the power source of commercial and heavy
industrial vehicles [30]. However, their impacts on environmental pollution and human
health cannot be underestimated. Exhaust gases from diesel engines majorly comprise
pollutant emissions, CO,, and minor traces of HyO, O;, and Ny. The pollutant emissions
are generally made up of carbon monoxide (CO), unburned hydrocarbons (HC), nitrogen
oxides (NOy), and particulate matter [30]. Novotna et al. found that diesel emissions are
more genotoxic than the emissions from biodiesel (B100) combustion [31]. Similarly, a
toxicological risk assessment of fossil diesel and biodiesel fuels showed that high levels of
poisonous particulate emissions were released from the combustion of diesel, while lower
concentrations were released from biodiesel [32]. For the relevance of the discussion in this
paper, the four major pollutant emissions and carbon dioxide are discussed in this section.
The adverse environmental and health impacts of carbon dioxide are colossal owing to its
greenhouse gas properties and contributions to global warming. Their negative footprints
on environmental sustainability and human health are discussed in the following sections.

2.1. Carbon Monoxide Emissions

Carbon monoxide (CO) is a colorless, odorless gas that can cause illness and death
when inhaled in large concentrations [33]. Carbon monoxide is a product of incomplete
combustion where there is incomplete oxidation of the fuel. Most of the CO in the atmo-
sphere comes from vehicle exhausts. This concentration is primarily determined by the
air/fuel mixture and is highest where the excess air coefficient is less than 1.0, which is
classified as rich mixture [34]. In internal combustion engines running on fossil fuels, CO
is produced at both ignition and instantaneous acceleration stages of the engine, where
an excessive proportion of fuel is needed for combustion. A rich mixture of fuel contains
too much fuel and not enough air. Due to air deficiency, the combustion process leads to
the formation of CO as a result of incomplete oxidation of all the carbon molecules into
CO;. When CO is inhaled by humans, adsorption into the gas exchange region of the
respiratory tract occurs where it reacts with hemoglobin (Hb) to displace oxygen and form
carboxyhemoglobin (COHb), a poisonous compound which inhibits the flow of oxygen to
the tissues and organs of the body [35]. If the concentration of CO is too much in the human
airways (440% blood saturation), cardiovascular collapse, seizures, coma, and death may
occur [36]. Compared to the emissions from fossil diesel, the exhaust emissions of carbon
monoxide were found to be 48% lower on average for biodiesel [37].

2.2. Unburned Hydrocarbons Emissions

Unburned hydrocarbon emissions are basically caused by the incomplete combustion
of fuel as a result of insufficient temperature near the cylinder wall, which could be
brought about by unfavorable engine design, low fuel quality, or failure in the control
system [38]. Unburned hydrocarbons can be formed in both spark and compression
ignition engines, but compounds from the latter are heavy owing to a higher molecular
weight of the diesel fuel [39]. Hydrocarbon emissions have damaging effects on human
health and the environment [30]. When inhaled in large concentrations, they have the
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potential to trigger irritation of the respiratory tract and cause cancer [37]. It is reported
that vehicular emissions account for about 50% of unburned hydrocarbons, which react
with other pollutant emissions to form ground-level smog [40]. Compared to the emissions
from fossil diesel, the exhaust emissions of total hydrocarbons were found to be 67% lower
on average for biodiesel [37].

2.3. Nitrogen Oxide Emissions

Nitrogen oxides (NOy) are odorless, colorless gases which comprises nitrogen monox-
ide (NO), nitrous oxides (N2O) and nitrogen dioxide (NOy) [41,42]. Nitrogen oxide emis-
sions are formed in IC engines as a result of higher in-cylinder temperature [43]. NOy
emissions are mostly formed in the early phase of combustion process, when the flame tem-
perature is at the highest [44]. It is established more in some scientific studies that increase
in combustion temperature increases NO, emissions concentrations [43,45,46]. Nitrogen
oxides from motor vehicle exhaust are responsible for many environmental and health
hazards [47]. Tropospheric NO, emissions, accumulating from fossil fuel combustion, have
increased globally at 1-2% per decade since 1900. The consequent environmental hazards
occasioned by this increase include acid rain, ozone, and smog formation [48]. Nitrous
oxides, for instance, are gases whose greenhouse effect is 300-fold greater than that of CO,
on a molecular basis. Prolonged exposure and inhalation of elevated NO, emissions can
cause respiratory diseases such as bronchitis and emphysema, and can also trigger heart
diseases in humans [42]. NO, emissions, from several research studies, were found to
increase or decrease for biodiesel fuel depending on the engine type and testing procedures.
NO, emissions were found to increase by 10% on average from pure biodiesel (B100) [37].

2.4. Particulate Matter Emissions

Particulate matter, also known as suspended particulate matter (SPM), comprises fine
solid particles which are generated from the combustion of fossil fuels [49]. Particulate
matter emissions are small enough (varying from <2.5 um (PMj5) and <10 pm (PMyg) in
diameter) to enter human lungs and cause health complications [50]. Particulate matter is
caused by a collection of very small particles from incomplete combustion of the hydrocar-
bons in fossil fuels [51]. Particulate matter comprises reactive gases, ions, metals, organic
compounds, and particle carbon core. These fine particles are more hazardous than the
coarser ones in terms of respiratory and cardiovascular effects in humans [52]. Research has
shown that the inhalation of PM into human lungs can trigger complicated health problems
such as asthma, lung cancer, aggravate asthma, reduced lung functionality, irritation in
airways, coughing, difficult breathing, premature mortality in patients suffering from lung
or heart disease, and other cardiovascular issues [52]. Several scientific studies indicate
that short-term exposure to PM can bring about acute cardiovascular problems, while
long term-term exposure can cause permanent heart failure [53]. On average, the primary
PM emissions from biodiesel were found to be 47% lower than PM emissions from fossil
diesel [37].

2.5. Carbon Dioxide Emissions

The carbon emissions from fossil fuel combustion have drastically increased over
the years since 1900. Combustion of fossil fuels is one of the major processes responsible
for air pollution through the release of high concentrations of carbon dioxide more than
the stipulated standard [12]. Between the years 1970 and 2011, carbon dioxide emissions
from fossil fuel combustion and industrial processes have contributed 78% of the total
greenhouse gas. The increases in carbon dioxide emissions are associated with a number
of factors, ranging from population growth to the utilization of fossil energy resources.
The major sources of these carbon emissions include transportation, electricity generation
(coal burning), industrial activities, commercial activities, and agriculture. The global
distribution of carbon dioxide (CO;) by continent and some major countries from 1750 to
2019 is shown in Figure 1. Carbon dioxide was found to have increased from 2 billion tons
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in 1900 to over 36 billion tons 115 years later (2015) [54]. The annual emissions of carbon
dioxide are indicated to be high for China, followed by the United States of America in
the diagram.
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Figure 1. Annual total CO, emissions by world region, 1750 to 2019. Source: Global Carbon Project. Reprinted from Global

Carbon Project [54].

Carbon dioxide is reported to constitute the largest emission concentrations contribut-
ing to global warming, a phenomenon caused by the increasing rates of atmospheric
greenhouse gases (GHGs) [55]. This nexus between GHGs and global temperatures is
a recurring phenomenon, which has been scientifically proven in the history of Earth’s
climate change [56]. The increased warming of the Earth’s surface has brought about
environmental and health impacts, including extreme weather conditions (such as heat
waves, storms and floods), adverse changes in crop’s growth, and increased ill human
health [57]. A synergetic relationship between the averaged global temperature and carbon
dioxide is depicted in Figure 2.

The six largest contributors of GHG emissions consist of the United States, China,
India, the Russian Federation, Japan, and the European Union (EU-28). As a result of the
existing occurrence of air pollution, countries such as China and the United States are
threatened with health challenges. For China, an annual increase of 9% in pollution level is
reported to occur as the emission levels advance towards their peak by the year 2030 [55].
This value will likely skyrocket with increasing industrial and locomotive activities which
involve the considerable combustion of fossil fuel.

Out of the world’s largest emitters (Figure 3), the GHG emissions from four of them
have continued to increase, except for Japan and the EU, which recorded decreases of
1.2% and 1.5%, respectively. According to reports, the increasing global warming trend is
directly linked to human emissions of GHGs. For instance, January 2020 was the hottest
January on record globally. For the top emitters, the historical and projected GHG emissions
from fuel combustion are shown in Figure 4. China was found to be the only country
with a continuous increase in GHG emissions, which are caused by rapid industrialization
unfolding in the country. Since 2014, GHG emissions from the EU-28 transport industry
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has kept increasing. As of 2016, about 72% of total GHG emissions were estimated to come
from transport (44% came from passenger cars) [58].

Figure 2. Relationship between global temperature and carbon dioxide. Reprinted from USEPA [59].

China
32%
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4%

Russia
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United States

17%
India

8%

Figure 3. World largest GHG emitters. Adapted from Ghosh [60].
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Figure 4. Historical and projected GHG emissions from fuel combustion for major economies,
1990-2030. Reprinted from International Energy Agency [61].

The global emissions, particularly carbon emissions, are expected to rise in the coming
decades owing to rapid urbanization and population increases. By the year 2007, the car
ownership rate had increased by 60% [62]. As long as these cars continue to run on fossil
fuels, colossal increases in carbon emissions should be anticipated. The global annual
transport emission concentrations from various modes are presented in Figure 5. From
the chart, road transport contributes three-quarters of transport emissions. If the transport
sector is responsible for 21% of global CO, emissions [63], road transport accounts for
15% of global CO; emissions. Beyond 2020, the global emissions need to decrease in
order to achieve the global clean air act [64]. From the year 2040, renewable biofuels, such
as biodiesel, are projected to have been adopted in many economies for the purpose of
eradicating or decreasing carbon emissions from fossil fuel combustion by 70%.
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Figure 5. Current and projected global CO; emission from various modes of transport (Sustainable
Development Scenario, 2000-2070) Reprinted from IEA Key World Energy Statistics 2020 [62]. Note:
dotted lines indicate the year in which all transport modes are expected to have largely stopped
running on fossil fuels.

3. Negative Impacts of Pollutant Emissions on Human Life Quality

A recent report entitled the “Air Quality Life Index” from the University of Chicago
stated that air pollution is the world’s top killer [65]. This publication revealed that
pollutant emissions exceeding WHO guidelines reduce the life expectancy of every person
by an average of 1.8 years. With the current world population distribution, an average of
12.8 billion years of life will be lost if the concentrations of air pollutants continue to increase.
From Figure 6, particulate pollution was found to have the greatest reduction rate on
average life expectancy per person, amongst several other causes. The “State of Global Air”
study conducted by the Health Effects Institute revealed that the life expectancy reduction
is attributed to existing levels of particulate matter (PM)—2.5 microns exposure [66]. The
report detailed the top ten countries that are affected most by life expectancy cuts as a
result of air pollution. The most affected countries by life expectancy reduction are shown
in Figure 7. According to the infographics, six countries in Asia have some of the most
harmful polluted air in the world. Coincidentally, these are some of the most populous
countries in the world that are characterized by high human and industrial activities
involving fossil fuel combustion.
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Figure 6. Global average life expectancy reduction owing to different causes. Reprinted from
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Figure 7. Most affected countries by life expectancy reduction. Reprinted from Health Effects
Institute: State of Global Air [66].

Gaseous pollutants can accumulate to form haze or smog during unpleasant weather
conditions. When inhaled, they can settle deep in the human lungs and cause acute
respiratory malfunctions [67,68]. It is reported that certain pollutant emissions can lead
to Alzheimer’s, Parkinson’s, and respiratory health problems such as asthma and lung
cancers [69-71]. These gaseous pollutants and particulate matter can also combine to
form some other types of air pollutants. Hydrocarbons and nitrogen oxides can combine
in the presence of sunlight to form ozone. Even though ozone is meant to protect the
earth’s surface from the sun’s ultraviolet rays, any damage to the layer by greenhouse
gases will release ozone to the earth’s surface, which further initiates the formation of smog
and development of respiratory problems in humans [72,73]. A summary of the adverse
impacts of harmful pollutant emissions on human health is presented in Table 1.
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Table 1. Outdoor air pollutants and adverse impacts on human health. Adapted from Ritchie and Roser [5]; Ghorani-
Azam et al. [74]; and Riojas-Rodriguez et al. [75].

Pollutant Source of Emission Adverse Impacts on Human Health
Hypoxia (oxygen deprivation by displacing
oxygen in bonding with hemoglobin.
Carbon monoxide (CO) Fossil fuel combustion, burning coal, 0il ~ Common side effects include cardiovascular
industrial activities, oil and wood, smoke and coronary problems, risk of stroke,
impaired learning ability, dexterity,
and sleep).
. . . . Inflammation, reduction in cognitive abilities,
.. Fossil fuel combustion, burning coal, oil . e . ..
Carbon dioxide (COy) . . . . kidney calcification, bone demineralization,
industrial activities, oil and wood, smoke .
heart dysfunction.
Sulfur dioxide (SO;) Burning coal, fossil fuel combustion Adverse effects on respiratory and central

Particulate matter (PM) (often
estimated for 10 and 2.5 microns)

Lead (Pb)

Nitrogen dioxide (NO,)

Polycyclic aromatic hydrocarbons
(PAHs)

Ozone (O3)

Volatile organic compounds (VOCs)

Fossil fuel combustion, industrial
activities, smokes

Lead smelting, industrial activities,
leaded petrol
Vehicular exhaust, fossil fuel combustion
Fuel combustion, wood fires,
motor engines

Vehicular exhaust, industrial activities

Fossil fuel production and combustion,
use of heavy chemicals (paints and
coatings), biomass combustion

nervous systems, eye irritation.
Permanent deterioration of respiratory
function, dysfunction of central nervous and
reproductive systems, cardiovascular
diseases, and cancer.

Heart disease, premature death, and

behavioral and development problems
in children.

Damaged lung tissue, liver, spleen, and
impaired respiratory functions.
Damage to respiratory and central nervous
systems, cancer.

Impaired respiratory function (short-term
exposure), cardiovascular dysfunctions, and
eye irritation.

Irritation of eyes, nose, throat, and mucosal
membranes, cancer.

The pediatric impact of pollution from fossil fuel usage is another issue that confronts
human and environmental sustainability. A study showed that combustion of fossil
fuel does not only pose a threat to the wellness of adults, children are also found to be
negatively impacted in various degrees of disorderliness and impairment in their growth
and behavioral development [19]. The authors reported that children show respiratory
issues and other severe diseases as they develop [19]. Developing fetus are greatly affected
when exposed to polluted environment. Air pollution greatly inhibits proper development
of the tissues and organs solely because children are characterized by an immature or weak
immune system, which serves as a line of defense against disease-causing organisms or
substances [12].

4. Abatement of Pollutant Emissions Via Biodiesel Combustion in IC Engines

Biodiesel is the first alternative fuel that has perfectly accomplished the health effects
assessment preconditions of the Clean Air Act of the United States. The Tier 1 and Tier 2
testing of biodiesel can be obtained from USEPA [74]. Owing to the clean burning nature
of biodiesel, its adoption as an engine fuel has been established as an air pollution control
technology. From its combustion, gaseous pollutants such as CO, SO,, NO,, HCs, etc.,
which are produced from the incomplete combustion of fossil fuels can be minimized. The
green energy contained in biodiesel is a suitable alternative to petroleum diesel, and its
combustion in internal combustion (IC) engines has minimal impact on the net gaseous
emissions via reductions in CO,, CO, SO,, and HC [75]. The lifecycle assessment of
biodiesel from the photosynthetic process to combustion in diesel engines is in favor of
pollutant emissions reduction owing to the fact that more of the CO, released during
engine combustion can be reabsorbed into biomass cultivation. Hence, when compared
with the use of petroleum diesel, biodiesel combustion can more beneficially mitigate CO,
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emission, maintain ecological balance, and protect the natural environment [75]. It has been
estimated that soy biodiesel reduces carbon dioxide by 78% on a life cycle basis [76,77].
The combustion of biodiesel in diesel engines has been established as an alternative fuel
to reduce major transportation pollutant emissions CO, PM, NO, and VOCs, all of which
contribute to smog formation and poor air quality [78].

Emission reduction data from the National Biodiesel Board of USEPA [78,79] showed
that the combustion of B100 as a transportation fuel decreased total HC, polycyclic aromatic
hydrocarbon (PAH), carbon, and sulfur emissions by 67%, 80%, 48%, and 100%, respectively,
in the year 2018 [29]. Higher reductions in PAH and sulfur emissions can be explained by
the absence of aromatic compounds and sulfur. However, a 10% increase was reported
for the same blend of biodiesel. As a result of the biological nature of biodiesel, its use
in conventional diesel engines will generally reduce emissions related to hydrocarbons
(HCs). Additionally, CO and particulate matter will be less discharged because ester
compounds in biodiesel are rich in oxygen, which has the capacity to enhance the complete
combustion of fuel and also promote clean burning. Additionally, the process of biodiesel
combustion is meant to produce lower SO, emissions because biofuel is produced from
bio-oil, which has a lower sulfur content than fossil diesel o0il. The use of biodiesel as an
alternative fuel will effectively reduce acid rain. The presence of sulfur and nitrogen oxides
in atmospheric gaseous emissions is involved in the formation of acid rain [80]. The level
of acidity of rain can be increased when these oxides mix with atmospheric moisture and
form sulfuric acid or nitric acid, whose concentrations are more dangerous than carbonic
acid [81]. Continuous formation and precipitation of acid rain to the earth poses a serious
threat to human existence and the environment because it eventually increases the acidity
of soil surface water and groundwater, causes damage to forest and vegetation, and inhibits
aquatic life development [81].

The increasing usage of biodiesel in IC engines of passenger cars, light and heavy duty
vehicles, marine ships, and municipal buses have been studied to evaluate the impacts of
the blended fuel wholly or partially on the performance and exhaust emissions of these
engines [82-88]. Aside from the benefits which biodiesel offer, there is a controversial
increase in poisonous nitrogen oxides. Even though efforts have been made to reduce
them by adding fuel and initiate ignition delays, the problem has not been totally solved.
With reference to publication records on this negative impact of biodiesel combustion in
transportation industry, the long-term focus of chemical science on biofuel production
should be towards developing quality biofuels and achieving zero pollution levels from
their combustion in IC engines.

In contrast to the use of fossil fuels, a good number of research studies on the com-
bustion of renewable biodiesel in IC engines have shown that it is effective in terms of
engine performance improvement and reduction in harmful emissions [29]. The impact
of the reduction levels in gaseous pollutants have been established in many scientific
studies. A statistical report on the effect of biodiesel on engine emissions was reported
by Xue et al. [89], in order to promote understanding of successful research on the use
of biodiesel in diesel engines. Most of the studies consulted were preferentially selected
between the years 2000 and 2010. Records of significant reductions in CO,, CO, and HC
emissions and increases in NOy were analyzed based on the selected available literature.
An extracted summary of data from the statistical evaluation is presented in Table 2. The
authors concluded that the utilization of biodiesel in diesel engines was successful with no
major modification to the engines, and that it can help in controlling air pollution by cutting
down the carbon footprints in atmospheric air as opposed to the increments recorded from
the use of fossil diesel. Similarly, a few recent studies on biodiesel combustion in IC engines
were sourced from high-impact journals to analyze their emissions rates as compared to
petrol diesel. A summary is presented in Table 3.
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Table 2. Statistical results of pure biodiesel on engine performances and emissions. Adapted from
Xue et al. [90].

Emissions Increase in Emission Decrease in Emission
Number of Studies % Number of Studies %
CO, 6 46.2 5 38.5
CcO 7 10.6 57 84.4
THC 3 5.3 51 89.5
NOy 45 65.2 20 29.0

Table 3. Recent research on emissions release rate from biodiesel combustion compared to fossil diesel. Adapted from
Ogunkunle and Ahmed [29].

Reference Feedstock Fuel Blends Engine Condition Emissions Reduction Compared to Fossil Diesel (%)
CO, CcoO HC NO,
[45] plg ?yr;%rla B10,B20,B30 1700 to 2000 rpm —~21.7 t0 -53.8 ~53.4 to —81.7 ~7.8to0 —13.8 24.8 to 51.1
[46] Sﬁ’lllgzer’l’s“ B10, B20 341054 ~418to -474  —443to 511 1.9t05.1
[91] Jatropha B100 1500 and 2000 rpm - —20to —25 —17 to —23 —0.3to —4.5
[91] Soybean BO/BAB0, 9610357 kW ~0.89t0 148 28 t0 48 “9t018 -
‘ 5.88 kW at
[92] Eruca sativa B10 2600 rpm 160 —-30 - 108
[93] Waste oil B5, B10 0'1225%8';*;11:@"' 33105 ~11.8to —51 “2t0 29 641087
, B10, B20, Full load, 1500 to B _
[94] Jatropha B30, B50 2400 rpm 13.08 16.3 7.4 27.25
s, Chlorella, 520, B0, 1700 t0 2900 rpm 0.7 t0 42 12310 —28 - 24t0 74
[96) ~ Sunflowerand  pay g5y pry  SHP 7kWat —606t0 —1417  —15.02t0 —30.73  —1.83 to —4.18 428t011.9
soybean oil 1500 rpm/
. . 1200 rpm, 25% to
[97] Fish oil B5 full load —25 -8 -8 35

The italicized indicate the scientific names of the feedstock.

All these values were measured on the tank-to-wheel basis. The common observation
about the selected publications was that they reported on these gaseous emissions (CO,,
CO, THC, and NOy). Highest average increases and reductions in emissions were found
to have taken place concerning NO, and CO. The carbon emission levels, on average,
were found to have reduced significantly. The concentrations of measured CO [26,98-101],
CO, [89,98,102], THC [103-106], and PM [107-110] were found to be lower than that of
fossil diesel in the literature. This is one major environmental positive impact which
guarantees the sustainable use of biodiesel in diesel engines in the long-term consideration
of alternative clean fuel by consumers. More discussion on the emission reductions can
be found in studies which have robustly reviewed the combustion of biodiesel in IC
engines [29,111-113]

An analysis of the exhaust emissions and performance evaluation of Parinari polyandra
biodiesel was performed by Ogunkunle and Ahmed [45]. They reported that the blending
of Parinari polyandra biodiesel with fossil diesel was a viable alternative fuel for a reduction
in carbon emissions into the atmosphere. All other measured emissions, THC, CO,, CO, and
SO,, were found to be lower than that of fossil diesel, except NO,. While using biodiesel-
diesel blends of B10 (Biodiesel—10%, Fossil diesel—90%), B20 (Biodiesel—20%, Fossil
diesel—80%), and B30 (Biodiesel—30%, Fossil diesel—70%) on volume bases, the percentage
difference in emission values, compared to fossil diesel, is shown in Figure 8. Larger
percentage reductions in CO,, CO, and SO; emissions were recorded, while a noticeable
increase in the NO, emissions was brought about by combustion between the atmospheric
nitrogen and oxygen at the exhaust-air interface. The increase in NOy emissions was found
to be similar to recent engine performance studies on IC engines which were operated with
biodiesel-diesel fuel blends. More research studies on fuel treatment are being considered
for the operation of IC engines running on blended biodiesel fuel to enhance quality
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combustion and eradicate NO, emissions from the exhaust. Sarvi et al. [114] detected that
reductions in the burning flame temperature resulted in a corresponding reduction in the
NOx. In the same vein, the ignition pressure was reported to have a reducing effect on the
NO, emissions [115].
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Figure 8. Average exhaust emissions of biodiesel blends compared with diesel. Adapted from
Ogunkunle and Ahmed [45].

Similarly, the effect of engine speed on exhaust emissions was investigated by
Tayari et al. [46]. The effects on emissions were found to reduce CO, HC, and NOy, but not
CO,. The emission trend is shown in Figure 9. The effect of three different biodiesel blends
on exhaust was studied as well, and the results showed that fuel blends prepared from
biodiesel synthesized from waste cooking oil and Microalgae Chlorella vulgaris had more of
an effect on reducing the average emissions from the combustion process. Considerable
reductions in CO,, CO, THC and NO, emissions were recorded from the combustion of
all fuel blends except for a few increments in CO, and NOy. The differences in average
exhaust emissions of biodiesel compared with diesel are presented in Figure 10.

An assessment of biodiesel combustion impacts on transportation fleets in the Houston
metropolis, USA, in 2018, showed that biodiesel is more beneficial for passenger cars
than heavy duty diesel trucks (HDDTs) per km [116]. A life cycle assessment under three
pathways, Well-to-Pump, Pump-to-Wheel, and Well-to-Wheel, showed that the combustion
of biodiesel blends in both passenger cars and long-haul HDDTs is environmentally friendly,
although is also dependent on the vehicle types. Evaluation of the combustion of six
different blends of diesel-biodiesel blends, B0, B5, B20, B50, B80, and B100, showed that
the reductions in GHG emissions were significant at the Well-to-Pump stage, and all
the emissions, except GHGs and NOy, were reduced at the Pump-to-Wheel stage. A
hypothetical scenario forecast showed that the daily GHG emissions would be reduced
by 2.0 and 712.1 CO,-equivalent tons in 2025, if half of the metropolis passenger cars and
HDDTs were to be run on B20. The 2021 reports of International Energy Agency on CO,
emissions showed that 31,500 CO,eq tons of CO, were released globally in 2020 [117]. The
Well-to-Wheel percentage reduction in emissions and energy use for passenger cars and
HDDTs is shown in Figure 11.
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Figure 9. Effect of engine speed on exhaust emissions. Reprinted from Tayari et al. [46].
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Figure 10. Percentage difference of emissions from biodiesel compared with diesel. Reprinted from
Tayari et al. [46]. ES—Eruca sativa; WCO—Waste cooking oil; MCV—Microalgae Chlorella vulgaris.
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Figure 11. Well-to-Wheel percentage reduction in emissions and energy use for: (a) passenger cars
and (b) HDDTs during the hypothetical scenario in 2025. Reprinted from Du et al. [116].

The combustion of diesel-biodiesel fuel blends in vehicular engines has proven to
be a sustainable measure for reducing engine pollutant emissions. Air pollution due
to fossil fuel usage can be drastically reduced by exploring other fuel sources such as
environmentally friendly biodiesel, which has quality engine performance and relatively
low pollutant emissions. Ogunkunle and Ahmed [29] reported that the use of biodiesel as
an alternative fuel in diesel engines has brought about very large reductions in atmospheric
pollutant emissions. With the growing global concerns of mitigating air pollutants and
improving air quality, more of the reduction can be expected as biodiesel production and
adoption continue to spread across all developed and developing nations. The continuous
increase in global warming, induced by the use of fossil fuels, has been a major issue of
discussion, leading to the development of biofuel as an alternative fuel. The reduction
in pollutant emissions continues to stand as a global policy, supporting the adoption of
biodiesel in whole or partial forms [29]. According to the fifth assessment report of the
Intergovernmental Panel on Climate Change [55], pollutant emissions need to be reduced
by 50-85% by 2050 in order to stabilize the concentration of GHGs in the atmosphere and
mitigate climate change [118,119]. One of the viable means which has gained popularity for
the reduction in atmospheric pollutants is the use of biodiesel in cutting down carbon and
other pollutant emissions which are released by transportation vehicles [120]. The use of
biodiesel wholly as a vehicular fuel is expected to increase in the coming years, with the sole
purpose of mitigating GHGs that continue to increase global warming through depletion of
the atmospheric protective ozone layer. The current form of deploying biodiesel in vehicles
is by blending with varying amount of fossil diesel, even though efforts are being made to
achieve 100% biodiesel use. The combustion of these blended fuels has the tendency to
reduce pollutant emissions and cut down the carbon footprints which may have negative
impacts on the environment.

Several researchers have reported the effects of different plant oil biodiesels on engine
performance and exhaust emissions [88,121-124]. Most of the studies were carried out in
existing diesel engines using blends of biodiesel-diesel fuel with little or no modification to
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the engines. However, the reduction or increase in exhaust emissions from fuel combustion
is either related to the blending ratio of the fuel or the engine operating parameters.
Mohsin et al. (2014) reported that combustion in a diesel engine was closer to complete
combustion when a 20% biodiesel fuel blend was used to operate the engine. As a result,
the UHC, CO, and CO, emissions were lower than the concentrations released when fossil
diesel fuel was used to run the engine [125]. The THC, CO and CO, were significantly
reduced in biodiesel blends than for ordinary diesel. Increases in biodiesel content of the
blended fuel cause the oxygen composition to increase, which automatically improves the
combustion quality and lowers the emissions [126]. At every engine operating conditions,
it was found that the HC emissions were lower in the combustion of biodiesel-diesel fuel
blends compared to fossil diesel [127]. Sayin et al. [128] found that the NO, emissions
increased while CO and HC decreased when the percentage of biodiesel content increased
in the fuel blends. Likewise, it was found that smoke, HC and CO decreased when biodiesel
content in tested fuel blends increased [129,130]. This was supported by the improved
combustion properties of biodiesel blends as a result of the oxygen content in it.

Some scientific reports on engine performance and exhaust emissions [88,90,126,131,132],
while running different types of diesel engines on biodiesel-diesel blends, have shown
that certain engine operating parameters, such as compression ratio (CR), ignition pressure
(IP), and ignition timing (IT), have varying effects on gaseous compositions of exhaust
emissions [133,134]. Jinda et al. [135] concluded that the combined effect of compression
ratio and injection pressure reduce emissions from the combustion of jatropha biodiesel in
a variable compression ratio engine. The emission levels of biodiesel blends compared to
diesel at different CRs are shown in Figure 12, while the effects of CR on engine emissions are
presented in Figure 13. The smoke opacity, hydrocarbons, and carbon monoxide were found
to decrease more as the compression ratio increased, while the NO, emissions increased as the
compression ratio increased. Ashrafur et al. [136] reported that increases in IT and IP leads
to decreases in CO, HC, CO;, and NOy emissions. Sayin et al. [137] reported that increases
in HC and CO emissions decreased when the IT and IP were increased for all the various
fuel blends tested. They concluded that the fuel-oxygen link is improved when IT and IP
are enhanced. Venkanna et al. [138] found that emissions were lower when a 30% pongamia
biodiesel blend was used to run a diesel engine.



Sustainability 2021, 13, 5465

17 of 28

0
-20
—40

issions
&

% Change in em
|
=

NO, opP

HC

cO

e
L)
ool

O,
R

.'
L)

19:1

LR
’.0
!

..
(X

+
¢

s

7
!

-
L)
ha

)
.,

-
.
ha

o

-

X

0".0

otatet

X

AR KK

AR )
Wttty
Setatetels

-
-
o

'.
%

L)
L)
o'e!

5
s

)
(]
]

L)
()

7z
£

()
.,

e
00
tata

,.
",
"

............
Bttty
BAANANANA

EEB5 BB20 OB50 @RI

17:1

Figure 12. (a) Percentage change in emission levels at compression ratio of 19:1; (b) Percentage change in emission levels at

compression ratio of 18:1; (c) Percentage change in emission levels at compression ratio of 17:1. Reprinted from Sayin and

Gumus [128].
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Figure 13. (a) Effect of compression ratio on HC emissions; (b) Effect of compression ratio on CO
emissions; (c) Effect of compression ratio on NOy emissions; (d) Effect of compression ratio on CO,
emissions. Reprinted from Jindal et al. [135].

4.1. Road Transportation as a Contributor of Harmful Air Pollutants

The contribution of transport to air pollution, and the subsequent negative impacts on
the atmosphere and climate change, are matters of concern. Right from the development
of IC engines, hazardous emissions from the combustion of fossil fuels have become
responsible for most of the GHGs in the atmosphere, which are measured in CO, equivalent
(COzeq) [139,140]. Over the years, road transport has been recognized as the largest
contributor of traditional gaseous pollutants, such as nitrogen oxides (NOy), volatile
organic compounds (VOCs), hydrocarbons (HCs), SO,, CO, CO,, and PM [141,142]. More
than twenty years after this study, emissions from transportation still remain one of the
major contributors to air pollution [143,144].

Five primary pollutant emissions (CO, CO,, HCs, NO, and PM), which contribute
immensely to air pollution, were found to be considerably emitted from the combustion of
fossil fuel in car engines [145]. According to the United States Environmental Protection
Agency (USEPA), 75% of carbon monoxide in the United States is emitted by motor vehicles
(a collection of cars, big trucks, bulldozers, and trains). Transportation currently contributes
largely to the release of GHG emissions in the United States. These emissions are formed
from the combustion of fossil fuel in IC engines. It is believed that emissions from cars
increase the concentrations of carbon dioxide and other greenhouse gases in the atmo-
sphere [146]. Recent estimates of emissions from road transport reflect an increasing trend
(Figure 14) in related CO, emissions. As a result of the universal growing population and
the subsequent increase in the number of passenger vehicles, carbon emissions increased
by half a gigaton between 2010 and 2018, surpassing about a 50% increase [146].
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Figure 14. Global carbon dioxide emissions from passenger road transport (2010-2020). Adapted
from Wagner [146].

Greenhouse gas emissions from the transportation industry come from the combustion
of fossil fuels, with gasoline and diesel making up about 95% of the liquid fuels [79]. Ac-
cording to the statistical reports by International Energy Agency (IEA) [62], approximately
one-fifth (24%) of global CO, emissions (about eight billion tons of CO; in 2018) come
from transportation, while 74.5% of the emissions come from road vehicles. Despite the
next industrial revolution across Europe and United States regarding the electrification of
cars, global emissions continue to increase. Against the 1.9% annual increase since 2000,
global transport emissions increased by less than 0.5% in 2019 [147]. The decrease was
more attributed to the global adoption of biofuels in vehicular engines wholly or partially
across major developed countries [29], coupled with the use of electric cars.

4.2. Nexus Between Engine Fuel Combustion and Sustainable Environmental Development

As a reference point, the production and usage of biofuels has gained global popularity
amongst the various types of green energy [29]. Just as the demand for fuel, especially
in vehicular engines, is expected to rise as the global population increases, the usage and
inclusion of biodiesel in engine fuels are needed to prevent environmental exposure to
pollution. Whether biodiesel has achieved complete greenness considering production and
combustion lies in appraising its net performance in terms of energy delivery and emission
rates. The reliability of biofuels in achieving SDG number seven (affordable and clean
energy) has been questioned over time, just as scientific research contributions constantly
emerge reporting the fuel quality of numerous plant oil-derived biodiesel and their per-
formance efficiency as an engine fuel. Apart from the potential of reducing unpleasant
pollutants in the atmosphere, one other critical component that is research-driven is the
tendency of biodiesel to effectively deliver stored energy during combustion, by matching
it up with corresponding forms of energy which are released from the combustion of the
same volume of fossil diesel [133,148]. According to the IEA’s report [62], in corroboration
with Davis et al. [149], emissions from transport will continue to be the largest contributor
to energy-related emissions by 2070. To achieve the SDGs of net-zero emissions by 2070,
bioenergy systems which capture and store carbon have to be encouraged and adopted.
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The environmental sustainability aspects of biodiesel can be analyzed by the overall
positive and negative impacts on the environment. The main positive impact of biodiesel
on the environment can be summarized as the net reduction in atmospheric pollutant
emissions [150], while environmental pollution, caused by the release of NO, emissions
from biodiesel combustion, is critical in considering its unintentional negative impacts on
environmental sustainability. In the reports of Kamil et al. [151], higher concentrations of
NO, were discovered in the exhaust emissions when different blends (B5, B10, B15, and
B20) of waste spent coffee biodiesel were used to run a compression ignition (CI) engine.
Even though the detected concentrations of NO, emissions were very small, they concluded
that this issue needs to be addressed because this gaseous emission is hazardous to human
health. There is a huge biodiversity in biodiesel feedstock and varying production practices
employed for oil extraction and transesterification. The net gaseous emissions cannot be
of the same effect and magnitude, because the feedstocks are different in compositions.
However, research efforts should be directed towards a harmonized bio-chemical scientific
approach to maintain a sustainable LCA and GHG balance on the environment.

Access to sustainable energy is one of the important targets of Sustainable Develop-
ment Goals (SDGs), and as such must be addressed as energy resources are extensively
explored for sustainable environmental development. The SDGs are a collection of 17 global
goals representing the plan to accomplish a better and more sustainable future for our
planet [152]. The goals, which were regulated in 2015 by the United Nations General
Assembly, are part of the commitment to be achieved by the year 2030 [153]. Each of the
17 SDGs has a list of targets which are measured by certain indexes. Much as these goals are
extensively deployed, a few of them are interconnected in such a way that the progressive
effects of one could be a positive response on the track towards achieving another. Out of
the total seventeen SDGs, five of them are interwoven to support sustainable life and the
environment. An evaluation of their mission goals and future targets suggests that numbers
6,7,13,14, and 15 are geared toward the conservation, restoration, and sustainable use
of natural resources in such a way that the environment is well preserved for perfect and
healthy life for all organisms.

The beneficial advantages of biodiesel encompass the goals and targets of the detailed
sustainable goals [29], and could certainly ensure the protection, conservation, and sustain-
able management of the earth’s resources for maximum positive benefits. In connection
to these SDGs, the use of biodiesel as a clean fuel can reduce pollution, ensure access to
clean energy, mitigate climate change, and protect lives on the earth’s surface and below
water. The reduction in environmental pollution and global warming are two serious chal-
lenges that biodiesel combustion has the potential to address based on the clean burning
and minimal carbon emissions. The seventh sustainable development goal is primarily
focused on ensuring access to affordable, reliable, sustainable, and green energy. As many
global communities continue to make progress toward perfectly achieving the seventh
goal, sustainable energy is becoming more available in different forms. Renewable energy;,
generated from solar, wind, hydro, and biomass, has created efficient means of providing
sustainable energy to rural communities, especially in developing countries [154]. How-
ever, there is a need to focus on improving the forms of energy available to achieve easy
access and renewability of energy.

In order to achieve a sustainable environment with good air quality, joint global efforts
are required to attain rapid reductions in GHG emissions in the air. The release of carbon
emissions, hydrocarbons, nitrogen oxides, and particulate matter into the atmosphere must
be cut down to net-zero emissions. A recent corroboration of the Yaron Ogen reports [65]
by Jenny Bates, a popular air pollution campaigner with Friends of the Earth, opined
that it is highly pertinent to keep traffic and pollution levels down by ensuring that only
clean-burning vehicles are allowed on the road in our bid to build a sustainable world [155].
This is much-needed, because a larger percentage of the global air pollution index is
contributed by transportation vehicles. There is urgent need to start focusing on the energy
and agriculture sectors in order to accomplish sustainable progress in reducing these
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emissions. The transition to low-carbon alternatives around the globe has brought about
the use of renewable and nuclear energy, which emit low or no emissions per unit of energy
produced. The use of biodiesel as an engine fuel continues to gain global recognition,
which is motivated by the concerns to reduce GHG emissions and their negative effect on
climate change.

5. Discussion

An overview of negative impacts of air pollution upon human health and the environ-
ment, and merits of biodiesel as an alternative fuel, have been discussed in relation to the
mitigation of negative environmental and health impacts induced by the use of fossil fuels
in engines. Pollutant emissions, such as carbon monoxide (CO), unburned hydrocarbons
(UBCs), nitrogen oxides (NOy), particulate matter (PM), and carbon dioxide (CO,) are
found to be released primarily from the combustion of fossil fuels.

Generally, some acute health diseases and complications were found to be linked
to air pollution. Many death cases were found to have occurred in places which have
experienced poor air quality over a period of time. At the same time, pollution from fossil
fuel combustion is found to be the principal cause of global climate change. This has
brought about adverse environmental conditions which subsequently affect the ecosystems
and human health.

Over the years, scientific research has shown biodiesel as a viable source of envi-
ronmentally friendly energy which can be utilized in existing diesel engines without any
major modification. Experimental tests, involving performance and emission analyses
of biodiesel combustion in IC engines, were found to substantially reduce emissions of
pollutants such as CO, UHC, and PM.

Based on the findings on the nexus between fossil fuel combustion and air pollution,
and the relative advantages biodiesel offer in reducing air pollutants, possible improve-
ments can be made in order to further develop biodiesel production and adoption in IC
engines. These can be taken for future studies by researchers who are interested in promot-
ing good air quality through the production and use of clean fuel in engine combustion.
These include:

i The development of novel methods for obtaining pure feedstock for quality biodiesel
production engine applications. This is required to foster research efforts on cer-
tain groups of feedstocks which have the appropriate oil yields and high fuel
qualities that may promote global adoption of biodiesel combustion toward a
sustainable world;

ii. Long-term stabilization and biodiesel quality improvement to ensure stable com-
bustion and improved engine performance without contributing to environmen-
tal pollution;

iii. Putting systems in place to harness and convert carbon emissions from fossil fuels
into useable chemical products may contribute to the elimination of air pollu-
tion. Research is on-going to convert carbon dioxide into useful alternative energy
sources such as combustible methane.

6. Conclusions
From the studies reviewed, the following conclusions can be drawn:

i. Gaseous pollutants and particulate matter, which largely constitute outdoor air
pollution, have very common causes, particularly human activities which involve
combustion processes;

ii. Gaseous pollutants such as carbon monoxide, unburned hydrocarbons, nitrogen
oxides, particulate matter, and carbon dioxide are the major emissions from vehicle
exhausts running on fossil fuels;

iii. Gaseous and particulate pollutants have negative impacts on human health and
the environment;
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iv. Greenhouse gas emissions from the transportation industry come from the combus-

tion of fossil fuels, with gasoline and diesel making up about 95% of the liquid fuels;

V. Five of the total seventeen SDGs are interwoven to support sustainable life and the
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natural resources, in such a way that the environment is well preserved for perfect
and healthy life for all organisms. The use of biodiesel as a clean fuel can reduce
pollution, ensure access to clean energy, mitigate climate change, and protect lives
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reduced by 712.1 CO,-equivalent tons in 2025, if half of metropolis passenger cars
and HDDTs were to be run on B20.

Author Contributions: Conceptualization, O.O.; methodology, O.O.; software, O.O.; validation, O.O.,
formal analysis, O.0.; investigation, O.O.; resources, O.0., N.A.A; data curation, O.O.; writing—
original draft preparation, O.O.; writing—review and editing, O.O., N.A.A_; visualization, O.O.,
N.A.A ; supervision, O.0., N.A.A ; project administration, N.A.A.; funding acquisition, N.A.A. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Part of the data supporting reported results can be found in the
following links: https:/ /cfpub.epa.gov/ghgdata/inventoryexplorer /#transportation/allgas/source/
current, accessed on 1 May 2021, https:/ /www.epa.gov/ghgemissions/sources-greenhouse-gas-
emissions, accessed on 1 May 2021, https://medialibrary.climatecentral.org/resources/national-and-
global-emissions-sources-2020, accessed on 1 May 2021, https:/ /www.climatecentral.org/gallery/
graphics/emissions-sources-2020, accessed on 1 May 2021, https://www.statista.com /statistics/
1129656 / global-share-of-co2-emissions-from-fossil-fuel-and-cement/, accessed on 1 May 2021,
https:/ /www.iea.org/reports/co2-emissions-from-fuel-combustion-overview, accessed on 1 May
2021, https:/ /www.iea.org/topics /world-energy-outlook, accessed on 1 May 2021, https:/ /www.c2
es.org/content/international-emissions/, accessed on 1 May 2021.

Acknowledgments: The authors appreciate the department of Mechanical Engineering Science,
University of Johannesburg, South Africa, for providing the workspace and facilities for this research.
We acknowledge the University of Johannesburg for the postdoctoral research fellowship granted the
first author during the period of this research.

Conflicts of Interest: The authors declare no conflict of interest.

1. Rai, PK. Particulate Matter and Its Size Fractionation. In Biomagnetic Monitoring of Particulate Matter; Elsevier: Amsterdam, The
Netherlands, 2016; pp. 1-13.
2. Vallero, D.A. Air Pollution. In Waste; Letcher, T.M., Vallero, D.A.B.T.-W., Eds.; Elsevier: Boston, MA, USA, 2011; pp. 243-264.

ISBN 978-0-12-381475-3.

3. WHO. Air pollution. Available online: https:/ /www.who.int/health-topics/air-pollution#tab=tab_1 (accessed on 1 May 2021).


https://cfpub.epa.gov/ghgdata/inventoryexplorer/#transportation/allgas/source/current
https://cfpub.epa.gov/ghgdata/inventoryexplorer/#transportation/allgas/source/current
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://medialibrary.climatecentral.org/resources/national-and-global-emissions-sources-2020
https://medialibrary.climatecentral.org/resources/national-and-global-emissions-sources-2020
https://www.climatecentral.org/gallery/graphics/emissions-sources-2020
https://www.climatecentral.org/gallery/graphics/emissions-sources-2020
https://www.statista.com/statistics/1129656/global-share-of-co2-emissions-from-fossil-fuel-and-cement/
https://www.statista.com/statistics/1129656/global-share-of-co2-emissions-from-fossil-fuel-and-cement/
https://www.iea.org/reports/co2-emissions-from-fuel-combustion-overview
https://www.iea.org/reports/co2-emissions-from-fuel-combustion-overview
https://www.iea.org/topics/world-energy-outlook
https://www.c2es.org/content/international-emissions/
https://www.c2es.org/content/international-emissions/
https://www.who.int/health-topics/air-pollution#tab=tab_1

Sustainability 2021, 13, 5465 23 of 28

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Akinbami, L.J.; Moorman, J.E.; Garbe, P.L.; Sondik, E.J. Status of Childhood Asthma in the United States, 1980-2007. Pediatrics
2009, 123, S131-5145. [CrossRef] [PubMed]

Ritchie, H.; Roser, M. CO; and Greenhouse Gas Emissions. Available online: https://ourworldindata.org/co2-and-other-
greenhouse-gas-emissions#citation (accessed on 1 August 2020).

Conticini, E.; Frediani, B.; Caro, D. Can atmospheric pollution be considered a co-factor in extremely high level of SARS-CoV-2
lethality in Northern Italy? Environ. Pollut. 2020, 261, 114465. [CrossRef]

Centers for Disease Control and Prevention People Who are at Higher Risk for Severe Illness | CDC. Available online: https:
/ /www.cde.gov/coronavirus/2019-ncov /need-extra-precautions/index.html (accessed on 15 September 2020).

Hale, T.; Webster, S. Oxford COVID-19 Government Response Tracker. Available online: https://www.ecb.europa.eu/pub/
conferences/shared/pdf/20201016_tracking_the_economy/Thomas_Hale.pdf (accessed on 16 October 2020).

Livingston, E.; Bucher, K. Coronavirus Disease 2019 (COVID-19) in Italy. JAMA 2020, 323, 1335. [CrossRef] [PubMed]

Hale, T.; Angrist, N.; Goldszmidt, R.; Kira, B.; Petherick, A.; Phillips, T.; Webster, S.; Cameron-Blake, E.; Hallas, L.; Majum-
dar, S.; et al. A global panel database of pandemic policies (Oxford COVID-19 Government Response Tracker). Nat. Hum. Behav.
2021, 5, 529-538. [CrossRef] [PubMed]

Nakada, L.Y.K,; Urban, R.C. COVID-19 pandemic: Impacts on the air quality during the partial lockdown in Sao Paulo state,
Brazil. Sci. Total Environ. 2020, 730, 139087. [CrossRef] [PubMed]

Perera, F. Pollution from Fossil-Fuel Combustion is the Leading Environmental Threat to Global Pediatric Health and Equity:
Solutions Exist. Int. |. Environ. Res. Public Health 2017, 15, 16. [CrossRef] [PubMed]

Skea, J. Fossil fuel consumption and the environment. Energy Policy 1990, 18, 126-127. [CrossRef]

Ciais, P.,; Sabine, C. Carbon and Other Biogeochemical Cycles. In Climate Change 2013—The Physical Science Basis; Intergovernmen-
tal Panel on Climate Change, Ed.; Cambridge University Press: Cambridge, UK, 2013; pp. 465-570. ISBN 9781107415324.
Hossain, M.E. Air pollution. In Sustainable Development for Mass Urbanization; Elsevier: Amsterdam, The Netherlands, 2019; pp.
129-150. ISBN 978-0-12-817690-0.

Easterbrook, D. Greenhouse Gases. In Evidence-Based Climate Science; Elsevier: Amsterdam, The Netherlands, 2016; pp. 163-173.
Borduas, N.; Donahue, N.M. The Natural Atmosphere; Elsevier: Amsterdam, The Netherlands, 2018; pp. 131-150.

Zemp, M.; Huss, M,; Thibert, E.; Eckert, N.; McNabb, R.W.; Huber, J.; Barandun, M.; Machguth, H.; Nussbaumer, S.U.; Gértner-
Roer, I; et al. Global glacier mass changes and their contributions to sea-level rise from 1961-2016. Nature 2019, 568, 382-386.
[CrossRef]

Manisalidis, I.; Stavropoulou, E.; Stavropoulos, A.; Bezirtzoglou, E. Environmental and Health Impacts of Air Pollution: A
Review. Front. Public Health 2020, 8, 14. [CrossRef]

Kurt, O.K.; Zhang, J.; Pinkerton, K.E. Pulmonary health effects of air pollution. Curr. Opin. Pulm. Med. 2016, 22, 138-143.
[CrossRef]

Kim, D.; Chen, Z.; Zhou, L.-F.; Huang, S.-X. Air pollutants and early origins of respiratory diseases. Chronic Dis. Transl. Med.
2018, 4, 75-94. [CrossRef]

Abdullah, M.; Zailani, S.; Iranmanesh, M.; Jayaraman, K. Barriers to green innovation initiatives among manufacturers: The
Malaysian case. Rev. Manag. Sci. 2015, 10, 683-709. [CrossRef]

Huang, Z.; Liao, G.; Li, Z. Loaning scale and government subsidy for promoting green innovation. Technol. Forecast. Soc. Chang.
2019, 144, 148-156. [CrossRef]

Popp, J.; Lakner, Z.; Harangi-Rakos, M.; Fari, M. The effect of bioenergy expansion: Food, energy, and environment. Renew.
Sustain. Energy Rev. 2014, 32, 559-578. [CrossRef]

Satputaley, S.S.; Zodpe, D.; Deshpande, N. Performance, combustion and emission study on CI engine using microalgae oil and
microalgae oil methyl esters. J. Energy Inst. 2017, 90, 513-521. [CrossRef]

Rahman, M.; Hassan, M.H.; Kalam, A.; Atabani, A.E.; Memon, L.A.; Rahman, S.A. Performance and emission analysis of Jatropha
curcas and Moringa oleifera methyl ester fuel blends in a multi-cylinder diesel engine. J. Clean. Prod. 2014, 65, 304-310. [CrossRef]
Hellier, P,; Jamil, E; Zaglis-Tyraskis, E.; Al-Muhtaseb, A.H.; Al Haj, L.; Ladommatos, N. Combustion and emissions characteristics
of date pit methyl ester in a single cylinder direct injection diesel engine. Fuel 2019, 243, 162-171. [CrossRef]

Arunkumar, M.; Kannan, M.; Murali, G. Experimental studies on engine performance and emission characteristics using castor
biodiesel as fuel in CI engine. Renew. Energy 2019, 131, 737-744. [CrossRef]

Ogunkunle, O.; Ahmed, N.A. A review of global current scenario of biodiesel adoption and combustion in vehicular diesel
engines. Energy Rep. 2019, 5, 1560-1579. [CrossRef]

Resitoglu, LA Altinisik, K.; Keskin, A. The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems.
Clean Technol. Environ. Policy 2015, 17, 15-27. [CrossRef]

Novotna, B.; Sikorova, J.; Milcova, A.; Pechout, M.; Dittrich, L.; Vojtisek-Lom, M.; Rossner, P.; Brzicova, T.; Topinka, J. The
genotoxicity of organic extracts from particulate truck emissions produced at various engine operating modes using diesel or
biodiesel (B100) fuel: A pilot study. Mutat. Res. Toxicol. Environ. Mutagen. 2019, 845, 403034. [CrossRef] [PubMed]

Soriano, J.A.; Garcia-Contreras, R.; de la Fuente, J.; Armas, O.; Orozco-Jiménez, L.Y.; Agudelo, ].R. Genotoxicity and mutagenicity
of particulate matter emitted from diesel, gas to liquid, biodiesel, and farnesane fuels: A toxicological risk assessment. Fuel 2020,
282,118763. [CrossRef]


http://doi.org/10.1542/peds.2008-2233C
http://www.ncbi.nlm.nih.gov/pubmed/19221156
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions#citation
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions#citation
http://doi.org/10.1016/j.envpol.2020.114465
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/index.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/index.html
https://www.ecb.europa.eu/pub/conferences/shared/pdf/20201016_tracking_the_economy/Thomas_Hale.pdf
https://www.ecb.europa.eu/pub/conferences/shared/pdf/20201016_tracking_the_economy/Thomas_Hale.pdf
http://doi.org/10.1001/jama.2020.4344
http://www.ncbi.nlm.nih.gov/pubmed/32181795
http://doi.org/10.1038/s41562-021-01079-8
http://www.ncbi.nlm.nih.gov/pubmed/33686204
http://doi.org/10.1016/j.scitotenv.2020.139087
http://www.ncbi.nlm.nih.gov/pubmed/32380370
http://doi.org/10.3390/ijerph15010016
http://www.ncbi.nlm.nih.gov/pubmed/29295510
http://doi.org/10.1016/0301-4215(90)90184-6
http://doi.org/10.1038/s41586-019-1071-0
http://doi.org/10.3389/fpubh.2020.00014
http://doi.org/10.1097/MCP.0000000000000248
http://doi.org/10.1016/j.cdtm.2018.03.003
http://doi.org/10.1007/s11846-015-0173-9
http://doi.org/10.1016/j.techfore.2019.04.023
http://doi.org/10.1016/j.rser.2014.01.056
http://doi.org/10.1016/j.joei.2016.05.011
http://doi.org/10.1016/j.jclepro.2013.08.034
http://doi.org/10.1016/j.fuel.2019.01.022
http://doi.org/10.1016/j.renene.2018.07.096
http://doi.org/10.1016/j.egyr.2019.10.028
http://doi.org/10.1007/s10098-014-0793-9
http://doi.org/10.1016/j.mrgentox.2019.03.007
http://www.ncbi.nlm.nih.gov/pubmed/31561905
http://doi.org/10.1016/j.fuel.2020.118763

Sustainability 2021, 13, 5465 24 of 28

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Antonini, J. Health Effects Associated with Welding. In Comprehensive Materials Processing; Elsevier: Amsterdam, The Netherlands,
2014; pp. 49-70.

Wu, C.-W,; Chen, R.-H.; Pu, ].-Y,; Lin, T.-H. The influence of air-fuel ratio on engine performance and pollutant emission of an SI
engine using ethanol-gasoline-blended fuels. Atmos. Environ. 2004, 38, 7093-7100. [CrossRef]

Walsh, M.P. Mobile Source Related Air Pollution: Effects on Health and the Environment. In Encyclopedia of Environmental Health;
Elsevier Inc.: Amsterdam, The Netherlands, 2011; pp. 803-809. ISBN 9780444522726.

Stork, C.M. Carbon Monoxide. In Encyclopedia of Toxicology, 3rd ed.; Elsevier: Amsterdam, The Netherlands, 2014; pp. 682-684.
ISBN 9780123864543.

National Biodiesel Board Biodiesel emissions and health effects testing. In Bioenergy; Elsevier: Amsterdam, The Netherlands,
2020; pp. 745-748.

Heywood, ]J.B. Internal Combustion Engine Fundamentals, 2nd ed.; McGraw-Hill Education: New York, NY, USA, 2018;
ISBN 9781260116106.

Machado Corréa, S.; Arbilla, G. Carbonyl emissions in diesel and biodiesel exhaust. Atmos. Environ. 2008, 42, 769-775. [CrossRef]
Krzyzanowski, M.; Kuna-Dibbert, B.; Schneider, J. Health Effects of Transport-Related Air Pollution; Krzyzanowski, M., Ku-na-
Dibbert, B., Schneider, J., Eds.; World Health Organization: Copenhagen, Denmark, 2005; ISBN 92-890-1373-7.

Hoekman, S.K.; Robbins, C. Review of the effects of biodiesel on NOy emissions. Fuel Process. Technol. 2012, 96, 237-249.
[CrossRef]

Boningari, T.; Smirniotis, P.G. Impact of nitrogen oxides on the environment and human health: Mn-based materials for the NOy
abatement. Curr. Opin. Chem. Eng. 2016, 13, 133-141. [CrossRef]

Ramalingam, S.; Rajendran, S. Assessment of performance, combustion, and emission behavior of novel annona bio-diesel-
operated diesel engine. In Advances in Eco-Fuels for a Sustainable Environment; Elsevier: Amsterdam, The Netherlands, 2019;
pp- 391-405.

Lee, T.; Park, J.; Kwon, S; Lee, J.; Kim, J. Variability in operation-based NOx emission factors with different test routes, and its
effects on the real-driving emissions of light diesel vehicles. Sci. Total Environ. 2013, 461, 377-385. [CrossRef] [PubMed]
Ogunkunle, O.; Ahmed, N.A. Exhaust emissions and engine performance analysis of a marine diesel engine fuelled with Parinari
polyandra biodiesel-diesel blends. Energy Rep. 2020, 6, 2999-3007. [CrossRef]

Tayari, S.; Abedi, R.; Rahi, A. Comparative assessment of engine performance and emissions fueled with three different biodiesel
generations. Renew. Energy 2020, 147, 1058-1069. [CrossRef]

Stanek, L.W.; Brown, J.S. Air Pollution: Sources, Regulation, and Health Effects. In Reference Module in Biomedical Sciences; Elsevier:
Amsterdam, The Netherlands, 2019.

Grewe, V,; Dahlmann, K.; Matthes, S.; Steinbrecht, W. Attributing ozone to NOx emissions: Implications for climate mitigation
measures. Atmos. Environ. 2012, 59, 102-107. [CrossRef]

Sarkar, D.K. Air Pollution Control. In Thermal Power Plant; Elsevier: Amsterdam, The Netherlands, 2015; pp. 479-522.

Speight, J.G. Process classification. In Standard Handbook of Petroleum and Natural Gas Engineering; Elsevier: Amsterdam, The
Netherlands, 2019; pp. 219-276.

Geddes, J.; Murphy, J. The science of smog: A chemical understanding of ground level ozone and fine particulate matter. In
Metropolitan Sustainability; Elsevier: Amsterdam, The Netherlands, 2012; pp. 205-230.

El Morabet, R. Effects of outdoor air pollution on human health. In Encyclopedia of Environmental Health; Elsevier: Amsterdam,
The Netherlands, 2019; pp. 278-286. ISBN 9780444639523.

Fiordelisi, A.; Piscitelli, P.; Trimarco, B.; Coscioni, E.; Iaccarino, G.; Sorriento, D. The mechanisms of air pollution and particulate
matter in cardiovascular diseases. Heart Fail. Rev. 2017, 22, 337-347. [CrossRef] [PubMed]

Global Carbon Project Global Carbon Project (GCP). Available online: https://www.globalcarbonproject.org/ (accessed on 1
May 2021).

Hartmann, D.L.; Tanka, M.G.K.; Rusticucci, M. IPCC Fifth Assessment Report. Available online: http://www.climatechange2013.
org/report/reports-graphic/ch2-graphics/ (accessed on 1 May 2013).

Lacis, A.A.; Schmidt, G.A; Rind, D.; Ruedy, R.A. Atmospheric CO;,: Principal Control Knob Governing Earth’s Temperature.
Science 2010, 330, 356-359. [CrossRef]

Intergovernmental Panel on Climate Change AR5 Synthesis Report: Climate Change 2014. Available online: https://www.ipcc.
ch/report/ar5/syr/ (accessed on 6 October 2020).

Monitoring Progress of Europe’s Transport Sector towards Its Environment, Health and Climate Objectives. Available online:
https:/ /www.eea.europa.eu/publications/monitoring-progress-of-europe2019s-transport/monitoring-progress-of-europes-
transport (accessed on 5 December 2017).

United States Environmental Protection Agency Sources of Greenhouse Gas Emissions. Available online: https://www.epa.gov/
ghgemissions/sources-greenhouse-gas-emissions (accessed on 6 October 2020).

Ghosh, I. Visualizing the Human Impact on the Ocean Economy. Available online: https://www.visualcapitalist.com /human-
impact-ocean-economy/ (accessed on 5 September 2020).

International Energy Agency (IEA). Global Energy and CO2 Status Report. The Latest Ttrends in Energy and Emissions in 2018.
Available online: https://www.iea.org/reports/global-energy-co2-status-report-2019 (accessed on 6 October 2020).


http://doi.org/10.1016/j.atmosenv.2004.01.058
http://doi.org/10.1016/j.atmosenv.2007.09.073
http://doi.org/10.1016/j.fuproc.2011.12.036
http://doi.org/10.1016/j.coche.2016.09.004
http://doi.org/10.1016/j.scitotenv.2013.05.015
http://www.ncbi.nlm.nih.gov/pubmed/23747552
http://doi.org/10.1016/j.egyr.2020.10.070
http://doi.org/10.1016/j.renene.2019.09.068
http://doi.org/10.1016/j.atmosenv.2012.05.002
http://doi.org/10.1007/s10741-017-9606-7
http://www.ncbi.nlm.nih.gov/pubmed/28303426
https://www.globalcarbonproject.org/
http://www.climatechange2013.org/report/reports-graphic/ch2-graphics/
http://www.climatechange2013.org/report/reports-graphic/ch2-graphics/
http://doi.org/10.1126/science.1190653
https://www.ipcc.ch/report/ar5/syr/
https://www.ipcc.ch/report/ar5/syr/
https://www.eea.europa.eu/publications/monitoring-progress-of-europe2019s-transport/monitoring-progress-of-europes-transport
https://www.eea.europa.eu/publications/monitoring-progress-of-europe2019s-transport/monitoring-progress-of-europes-transport
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.visualcapitalist.com/human-impact-ocean-economy/
https://www.visualcapitalist.com/human-impact-ocean-economy/
https://www.iea.org/reports/global-energy-co2-status-report-2019

Sustainability 2021, 13, 5465 25 of 28

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

IEA Key World Energy Statistics 2020. Available online: https://www.iea.org/reports/key-world-energy-statistics-2020 (ac-
cessed on 31 August 2020).

World Resource Institute CAIT Climate Data Explorer—Historical Emissions. Available online: https://www.climatewatchdata.
org/ghg-emissions (accessed on 31 August 2020).

USEPA Benefits and Costs of the Clean Air Act 19902020, the Second Prospective Study. Available online: https://www.epa.gov/
clean-air-act-overview /benefits-and-costs-clean-air-act-1990-2020-second-prospective-study (accessed on 20 February 2021).
Greenstone, M.; Fan, C.Q. The Air Quality-Life Index (AQLI)—EPIC Pollution Index. Available online: https://aqli.epic.uchicago.
edu/the-index/#:~{}:text=TheAirQualityLifeIndex,OrganizationguidelineorNationalstandards (accessed on 20 February 2021).
Health Effects Institute State of Global Air 2019. Available online: https://www.stateofglobalair.org/sites/default/files /soga_20
19_report.pdf (accessed on 1 May 2021).

Burtscher, H. Physical characterization of particulate emissions from diesel engines: A review. J. Aerosol Sci. 2005, 36, 896-932.
[CrossRef]

Giechaskiel, B.; Alfoldy, B.; Drossinos, Y. A metric for health effects studies of diesel exhaust particles. J. Aerosol Sci. 2009, 40,
639-651. [CrossRef]

Goix, S.; Lévéque, T.; Xiong, T.-T.; Schreck, E.; Baeza-Squiban, A.; Geret, F; Uzu, G.; Austruy, A.; Dumat, C. Environmental and
health impacts of fine and ultrafine metallic particles: Assessment of threat scores. Environ. Res. 2014, 133, 185-194. [CrossRef]
Chio, C.-P; Liao, C.-M.; Tsai, Y.I.; Cheng, M.-T.; Chou, W.-C. Health risk assessment for residents exposed to atmospheric diesel
exhaust particles in southern region of Taiwan. Atmos. Environ. 2014, 85, 64-72. [CrossRef]

Ristovski, Z.D.; Miljevic, B.; Surawski, N.C.; Morawska, L.; Fong, K.M.; Goh, E; Yang, I.A. Respiratory health effects of diesel
particulate matter. Respirology 2012, 17, 201-212. [CrossRef] [PubMed]

McKenzie, R.L.; Aucamp, PJ.; Bais, A.F; Bjorn, L.O.; Ilyas, M.; Madronich, S. Ozone depletion and climate change: Impacts on
UV radiation. Photochem. Photobiol. Sci. 2011, 10, 182-192. [CrossRef] [PubMed]

Bais, A.F.; Lucas, R-M.; Bornman, J.F,; Williamson, C.E.; Sulzberger, B.; Austin, A.T.; Wilson, S.R.; Andrady, A.L.; Bernhard, G.;
McKenzie, R.L.; et al. Environmental effects of ozone depletion, UV radiation and interactions with climate change: UNEP
Environmental Effects Assessment Panel, update 2017. Photochem. Photobiol. Sci. 2018, 17, 127-129. [CrossRef]

Knothe, G.; Krahl, J.; Van Gerpen, ]. The Biodiesel Handbook; Elsevier: Amsterdam, The Netherlands, 2010; ISBN 9781893997622.
Yan, Y. Biodiesel. In Reference Module in Food Science; Elsevier: Amsterdam, The Netherlands, 2016; ISBN 978-0-08-100596-5.
Milazzo, M.; Spina, F.; Primerano, P; Bart, ]. Soy biodiesel pathways: Global prospects. Renew. Sustain. Energy Rev. 2013, 26,
579-624. [CrossRef]

Huo, H.; Wang, M.; Bloyd, C.; Putsche, V. Life-Cycle Assessment of Energy and Greenhouse Gas Effects of Soybean Derived
Biodiesel and Renewable Fuels. Available online: https://pubs.acs.org/doi/10.1021/es8011436 (accessed on 1 May 2021).
USEPA. Smog, Soot, and Other Air Pollution from Transportation. Available online: https://www.epa.gov /transportation-air-
pollution-and-climate-change /smog-soot-and-local-air-pollution#:~{}:text=Today%2C (accessed on 31 August 2020).

US EPA Our Nation’s Air 2018. Available online: https://gispub.epa.gov/air/trendsreport/2020/#home (accessed on 31
August 2020).

Irwin, J.; Williams, M. Acid rain: Chemistry and transport. Environ. Pollut. 1988, 50, 29-59. [CrossRef]

Breeze, P. Combustion Plant Emissions: Sulfur Dioxide, Nitrogen Oxides, and Acid Rain. In Electricity Generation and the
Environment; Elsevier: Amsterdam, The Netherlands, 2017.

Hirkude, J.B.; Padalkar, A.S. Performance and emission analysis of a compression ignition. Appl. Energy 2012, 90, 68-72.
[CrossRef]

Ramadhas, A.; Muraleedharan, C.; Jayaraj, S. Performance and emission evaluation of a diesel engine fueled with methyl esters
of rubber seed oil. Renew. Energy 2005, 30, 1789-1800. [CrossRef]

Kumar, R.; Dixit, A.K. Combustion and Emission Characteristics of Variable Compression Ignition Engine Fueled with Jatropha
curcas Ethyl Ester Blends at Different Compression Ratio. J. Renew. Energy 2014, 2014, 872923. [CrossRef]

Lin, B.-F; Huang, J.-H.; Huang, D.-Y. Experimental study of the effects of vegetable oil methyl ester on DI diesel engine
performance characteristics and pollutant emissions. Fuel 2009, 88, 1779-1785. [CrossRef]

Fahd, M.E.A.; Wenming, Y.; Lee, P; Chou, S.; Yap, C.R. Experimental investigation of the performance and emission characteristics
of direct injection diesel engine by water emulsion diesel under varying engine load condition. Appl. Energy 2013, 102, 1042-1049.
[CrossRef]

Enweremadu, C.C.; Rutto, H.L.; Peleowo, N. Performance evaluation of a diesel engine fueled with methyl ester of shea butter.
World Acad. Sci. Eng. Technol. 2011, 5, 1216-1220.

Ogunkunle, O.; Ahmed, N.A. Performance evaluation of a diesel engine using blends of optimized yields of sand apple (Parinari
polyandra) oil biodiesel. Renew. Energy 2019, 134, 1320-1331. [CrossRef]

Xue, J.; Grift, T.E.; Hansen, A.C. Effect of biodiesel on engine performances and emissions. Renew. Sustain. Energy Rev. 2011, 15,
1098-1116. [CrossRef]

Valente, O.S.; da Silva, M.].; Pasa, V.M.D.; Belchior, C.R.P,; Sodré, J.R. Fuel consumption and emissions from a diesel power
generator fuelled with castor oil and soybean biodiesel. Fuel 2010, 89, 3637-3642. [CrossRef]

Huang, J.; Wang, Y.; Qin, ]J.-B.; Roskilly, A.P. Comparative study of performance and emissions of a diesel engine using Chinese
pistache and jatropha biodiesel. Fuel Process. Technol. 2010, 91, 1761-1767. [CrossRef]


https://www.iea.org/reports/key-world-energy-statistics-2020
https://www.climatewatchdata.org/ghg-emissions
https://www.climatewatchdata.org/ghg-emissions
https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-second-prospective-study
https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-second-prospective-study
https://aqli.epic.uchicago.edu/the-index/#:~{}:text=TheAirQualityLifeIndex,OrganizationguidelineorNationalstandards
https://aqli.epic.uchicago.edu/the-index/#:~{}:text=TheAirQualityLifeIndex,OrganizationguidelineorNationalstandards
https://www.stateofglobalair.org/sites/default/files/soga_2019_report.pdf
https://www.stateofglobalair.org/sites/default/files/soga_2019_report.pdf
http://doi.org/10.1016/j.jaerosci.2004.12.001
http://doi.org/10.1016/j.jaerosci.2009.04.008
http://doi.org/10.1016/j.envres.2014.05.015
http://doi.org/10.1016/j.atmosenv.2013.11.072
http://doi.org/10.1111/j.1440-1843.2011.02109.x
http://www.ncbi.nlm.nih.gov/pubmed/22126432
http://doi.org/10.1039/c0pp90034f
http://www.ncbi.nlm.nih.gov/pubmed/21253660
http://doi.org/10.1039/C7PP90043K
http://doi.org/10.1016/j.rser.2013.05.056
https://pubs.acs.org/doi/10.1021/es8011436
https://www.epa.gov/transportation-air-pollution-and-climate-change/smog-soot-and-local-air-pollution#:~{}:text=Today%2C
https://www.epa.gov/transportation-air-pollution-and-climate-change/smog-soot-and-local-air-pollution#:~{}:text=Today%2C
https://gispub.epa.gov/air/trendsreport/2020/#home
http://doi.org/10.1016/0269-7491(88)90184-4
http://doi.org/10.1016/j.apenergy.2010.11.028
http://doi.org/10.1016/j.renene.2005.01.009
http://doi.org/10.1155/2014/872923
http://doi.org/10.1016/j.fuel.2009.04.006
http://doi.org/10.1016/j.apenergy.2012.06.041
http://doi.org/10.1016/j.renene.2018.09.040
http://doi.org/10.1016/j.rser.2010.11.016
http://doi.org/10.1016/j.fuel.2010.07.041
http://doi.org/10.1016/j.fuproc.2010.07.017

Sustainability 2021, 13, 5465 26 of 28

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.
115.

116.

117.

118.

119.

Chakrabarti, M.; Ali, M.; Baroutian, S.; Saleem, M. Techno-economic comparison between B10 of Eruca sativa L. and other
indigenous seed oils in Pakistan. Process. Saf. Environ. Prot. 2011, 89, 165-171. [CrossRef]

Can, O. Combustion characteristics, performance and exhaust emissions of a diesel engine fueled with a waste cooking oil
biodiesel mixture. Energy Convers. Manag. 2014, 87, 676-686. [CrossRef]

Ong, H.C.; Masjuki, H.; Mahlia, T.; Silitonga, A.; Chong, W.; Yusaf, T. Engine performance and emissions using Jatropha curcas,
Ceiba pentandra and Calophyllum inophyllum biodiesel in a CI diesel engine. Energy 2014, 69, 427-445. [CrossRef]

Al-Lwayzy, S.H.; Yusaf, T. Diesel engine performance and exhaust gas emissions using Microalgae Chlorella protothecoides biodiesel.
Renew. Energy 2017, 101, 690-701. [CrossRef]

Elkelawy, M.; Bastawissi, H.A.-E.; Esmaeil, K.K.; Radwan, A.M.; Panchal, H.; Sadasivuni, K.K.; Ponnamma, D.; Walvekar, R.
Experimental studies on the biodiesel production parameters optimization of sunflower and soybean oil mixture and DI engine
combustion, performance, and emission analysis fueled with diesel/biodiesel blends. Fuel 2019, 255, 115791. [CrossRef]
Gharehghani, A.; Asiaei, S.; Khalife, E.; Najafi, B.; Tabatabaei, M. Simultaneous reduction of CO and NOy emissions as well as
fuel consumption by using water and nano particles in Diesel-Biodiesel blend. J. Clean. Prod. 2019, 210, 1164-1170. [CrossRef]
Tesfa, B.; Gu, F; Mishra, R.; Ball, A. Emission Characteristics of a CI Engine Running with a Range of Biodiesel Feedstocks.
Energies 2014, 7, 334-350. [CrossRef]

Nayak, S.K,; Pattanaik, B.P. Experimental Investigation on Performance and Emission Characteristics of a Diesel Engine Fuelled
with Mahua Biodiesel Using Additive. Energy Procedia 2014, 54, 569-579. [CrossRef]

Imtenan, S.; Masjuki, H.; Varman, M.; Arbab, M.; Sajjad, H.; Fattah, LM.R.; Abedin, M.; Hasib, A.S.M. Emission and Performance
Improvement Analysis of Biodiesel-diesel Blends with Additives. Procedia Eng. 2014, 90, 472-477. [CrossRef]

Bari, S. Performance, combustion and emission tests of a metro-bus running on biodiesel-ULSD blended (B20) fuel. Appl. Energy
2014, 124, 35-43. [CrossRef]

Lin, C.-Y; Lin, H.-A. Diesel engine performance and emission characteristics of biodiesel produced by the peroxidation process.
Fuel 2006, 85, 298-305. [CrossRef]

Sukjit, E.; Herreros, J.; Piaszyk, J.; Dearn, K.D.; Tsolakis, A. Finding Synergies in Fuels Properties for the Design of Renewable
Fuels—Hydroxylated Biodiesel Effects on Butanol-Diesel Blends. Environ. Sci. Technol. 2013, 47, 3535-3542. [CrossRef] [PubMed]
Sureshkumar, K.; Velraj, R.; Ganesan, R. Performance and exhaust emission characteristics of a CI engine fueled with Pongamia
pinnata methyl ester (PPME) and its blends with diesel. Renew. Energy 2008, 33, 2294-2302. [CrossRef]

Rao, T.V;; Rao, G.P,; Chandra, K.H. Experimental Investigation of Pongamia, Jatropha and Neem Methyl Esters as Bio-diesel on C.I.
Engine. Jordan ]. Mech. Ind. Eng. 2008, 2, 117-122.

Sanjid, A.; Kalam, A.; Masjuki, H.H.; Varman, M.; Zulkifli, N.W.B.M.; Abedin, ]J. Performance and emission of multi-cylinder
diesel engine using biodiesel blends obtained from mixed inedible feedstocks. J. Clean. Prod. 2016, 112, 4114-4122. [CrossRef]
Kannan, D.; Nabi, N.; Hustad, J.E. Influence of Ethanol Blend Addition on Compression Ignition Engine Performance and
Emissions Operated with Diesel and Jatropha Methyl Ester. Available online: https://www.sae.org/publications/technical-
papers/content/2009-01-1808/ (accessed on 15 June 2009).

Surawski, N.C.; Ristovski, Z.D.; Brown, R.J.; Situ, R. Gaseous and particle emissions from an ethanol fumigated compression
ignition engine. Energy Convers. Manag. 2012, 54, 145-151. [CrossRef]

Chang, Y.C.; Lee, W.J.; Wu, T.S.; Wu, C.Y;; Chen, S.J. Use of water containing acetone-butanol-ethanol for NOx-PM (nitrogen
oxide-particulate matter) trade-off in the diesel engine fueled with biodiesel. Energy 2014, 64, 678-687. [CrossRef]

Tse, H.; Leung, C.W.; Cheung, C.S. Investigation on the combustion characteristics and particulate emissions from a diesel engine
fueled with diesel-biodiesel-ethanol blends. Energy 2015, 83, 343-350. [CrossRef]

Ramalingam, S.; Rajendran, S.; Ganesan, P. Performance improvement and exhaust emissions reduction in biodiesel operated
diesel engine through the use of operating parameters and catalytic converter: A review. Renew. Sustain. Energy Rev. 2018, 81,
3215-3222. [CrossRef]

Ramalingam, S.; Rajendran, S.; Ganesan, P.; Govindasamy, M. Effect of operating parameters and antioxidant additives with
biodiesels to improve the performance and reducing the emissions in a compression ignition engine—A review. Renew. Sustain.
Energy Rev. 2018, 81, 775-788. [CrossRef]

Singh, D.; Sharma, D.; Soni, S.L.; Inda, C.S.; Sharma, S.; Sharma, PK; Jhalani, A. A Comprehensive Review on 1st-Generation
Biodiesel Feedstock Palm Oil: Production, Engine Performance, and Exhaust Emissions. Bioenergy Res. 2021, 14, 1-22. [CrossRef]
Sarvi, A.; Zevenhoven, R. Large-scale diesel engine emission control parameters. Energy 2010, 35, 1139-1145. [CrossRef]
Saravanan, S.; Nagarajan, G.; Sampath, S. Multi response optimization of NOy emission of a stationary diesel engine. Fuel 2010,
89, 3235-3240. [CrossRef]

Du, H.; Huque, Z.; Kommalapati, R.R. Impacts of Biodiesel Applied to the Transportation Fleets in the Greater Houston Area. J.
Renew. Energy 2018, 2018, 7350715. [CrossRef]

International Energy Agency (IEA) Global Energy Review: CO2 Emissions in 2020. Available online: https://www.iea.org/
articles/global-energy-review-co2-emissions-in-2020 (accessed on 31 August 2020).

Mackay, A. Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change. J. Environ. Qual. 2008, 37, 2407. [CrossRef]

Field, C.B.; Barros, R. Climate Change 2014: Impacts, Adaptation and Vulnerability; Barros, V.R., Field, C.B., Dokken, D.]J., Mastrandrea,
M.D., Mach, K., Eds.; Cambridge University Press: Cambridge, UK, 2014; ISBN 9781107415386.


http://doi.org/10.1016/j.psep.2010.11.006
http://doi.org/10.1016/j.enconman.2014.07.066
http://doi.org/10.1016/j.energy.2014.03.035
http://doi.org/10.1016/j.renene.2016.09.035
http://doi.org/10.1016/j.fuel.2019.115791
http://doi.org/10.1016/j.jclepro.2018.10.338
http://doi.org/10.3390/en7010334
http://doi.org/10.1016/j.egypro.2014.07.298
http://doi.org/10.1016/j.proeng.2014.11.759
http://doi.org/10.1016/j.apenergy.2014.03.007
http://doi.org/10.1016/j.fuel.2005.05.018
http://doi.org/10.1021/es400131j
http://www.ncbi.nlm.nih.gov/pubmed/23452309
http://doi.org/10.1016/j.renene.2008.01.011
http://doi.org/10.1016/j.jclepro.2015.07.154
https://www.sae.org/publications/technical-papers/content/2009-01-1808/
https://www.sae.org/publications/technical-papers/content/2009-01-1808/
http://doi.org/10.1016/j.enconman.2011.10.011
http://doi.org/10.1016/j.energy.2013.10.077
http://doi.org/10.1016/j.energy.2015.02.030
http://doi.org/10.1016/j.rser.2017.08.069
http://doi.org/10.1016/j.rser.2017.08.026
http://doi.org/10.1007/s12155-020-10171-2
http://doi.org/10.1016/j.energy.2009.06.007
http://doi.org/10.1016/j.fuel.2010.05.015
http://doi.org/10.1155/2018/7350715
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
https://www.iea.org/articles/global-energy-review-co2-emissions-in-2020
http://doi.org/10.2134/jeq2008.0015br

Sustainability 2021, 13, 5465 27 of 28

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.
135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Campbell-Lendrum, D.; Priiss-Usttin, A. Climate change, air pollution and noncommunicable diseases. Bull. World Health Organ.
2019, 97, 160-161. [CrossRef]

Yadav, A K.; Khan, M.E.; Dubey, A.M.; Pal, A. Performance and emission characteristics of a transportation diesel engine operated
with non-edible vegetable oils biodiesel. Case Stud. Therm. Eng. 2016, 8, 236—244. [CrossRef]

Miri, S.M.R.; Seyedi, S.R.M.; Ghobadian, B. Effects of biodiesel fuel synthesized from non-edible rapeseed oil on performance and
emission variables of diesel engines. J. Clean. Prod. 2017, 142, 3798-3808. [CrossRef]

Saraee, H.S.; Jafarmadar, S.; Sayadi, M.; Parikhani, A.; Kheyrollahi, J.; Pourvosoughi, N. Green fuel production from Pistacia
Khinjuk and its engine test analysis as a promising alternative. J. Clean. Prod. 2017, 156, 106-113. [CrossRef]

Bergthorson, ].M.; Thomson, M.]. A review of the combustion and emissions properties of advanced transportation biofuels and
their impact on existing and future engines. Renew. Sustain. Energy Rev. 2015, 42, 1393-1417. [CrossRef]

Mohsin, R.; Majid, Z.; Shihnan, A.; Nasri, N.; Sharer, Z. Effect of biodiesel blends on engine performance and exhaust emission
for diesel dual fuel engine. Energy Convers. Manag. 2014, 88, 821-828. [CrossRef]

Raghuvaran, S.; Ashok, B.; Veluchamy, B.; Ganesh, N. Evaluation of performance and exhaust emission of C.I diesel engine fuel
with palm oil biodiesel using an artificial neural network. Mater. Today Proc. 2021, 37, 1107-1111. [CrossRef]

Simsek, S.; Uslu, S. Comparative evaluation of the influence of waste vegetable o0il and waste animal oil-based biodiesel on diesel
engine performance and emissions. Fuel 2020, 280, 118613. [CrossRef]

Sayin, C.; Gumus, M. Impact of compression ratio and injection parameters on the performance and emissions of a DI diesel
engine fueled with biodiesel-blended diesel fuel. Appl. Therm. Eng. 2011, 31, 3182-3188. [CrossRef]

Gumus, M.; Sayin, C.; Canakci, M. The impact of fuel injection pressure on the exhaust emissions of a direct injection diesel
engine fueled with biodiesel-diesel fuel blends. Fuel 2012, 95, 486—494. [CrossRef]

Soriano, J.A.; Garcia-Contreras, R.; Leiva-Candia, D.; Soto, F. Influence on Performance and Emissions of an Automotive Diesel
Engine Fueled with Biodiesel and Paraffinic Fuels: GTL and Biojet Fuel Farnesane. Energy Fuels 2018, 32, 5125-5133. [CrossRef]
Mofijur, M.; Masjuki, H.; Kalam, M.; Atabani, A. Evaluation of biodiesel blending, engine performance and emissions characteris-
tics of Jatropha curcas methyl ester: Malaysian perspective. Energy 2013, 55, 879-887. [CrossRef]

Jaliliantabar, F.; Ghobadian, B.; Carlucci, A.P; Najafi, G.; Ficarella, A.; Strafella, L.; Santino, A.; de Domenico, S. Comparative
evaluation of physical and chemical properties, emission and combustion characteristics of brassica, cardoon and coffee based
biodiesels as fuel in a compression-ignition engine. Fuel 2018, 222, 156-174. [CrossRef]

Geng, P; Cao, E; Tan, Q.; Wei, L. Effects of alternative fuels on the combustion characteristics and emission products from diesel
engines: A review. Renew. Sustain. Energy Rev. 2017, 71, 523-534. [CrossRef]

Kumar, S.; Dinesha, P. Use of alternative fuels in compression ignition engines: A review. Biofuels 2017, 10, 525-535. [CrossRef]
Jindal, S.; Nandwana, B.P,; Rathore, N.S.; Vashistha, V. Experimental investigation of the effect of compression ratio and injection
pressure in a direct injection diesel engine running on Jatropha methyl ester. Appl. Therm. Eng. 2010, 30, 442-448. [CrossRef]
Rahman, S.M.A_; Masjuki, H.H.; Kalam, M.A; Sanjid, A.; Abedin, M.]. Assessment of emission and performance of compression
ignition engine with varying injection timing. Renew. Sustain. Energy Rev. 2014, 35, 221-230. [CrossRef]

Sayin, C.; Ozsezen, A.N.; Canakci, M. The influence of operating parameters on the performance and emissions of a DI diesel
engine using methanol-blended-diesel fuel. Fuel 2010, 89, 1407-1414. [CrossRef]

Venkanna, B.K.; Wadawadagi, S.B.; Reddy, C.V. Effect of Injection Pressure on Performance, Emission and Combustion Character-
istics of Direct Injection Diesel Engine Running on Blends of Pongamia pinnata Linn Oil (Honge oil) and Diesel Fuel. Agric. Eng.
Int. CIGRE . 2009, 11, 1-17.

Uherek, E.; Halenka, T.; Borken-Kleefeld, J.; Balkanski, Y.; Berntsen, T.; Borrego, C.; Gauss, M.; Hoor, P.; Juda-Rezler, K.; Lelieveld,
J. Transport impacts on atmosphere and climate: Land transport. Atmos. Environ. 2010, 44, 4772-4816. [CrossRef]

Lee, D.S.; Fahey, D.W.; Skowron, A.; Allen, M.R.; Burkhardt, U.; Chen, Q.; Doherty, S.J.; Freeman, S.; Forster, PM.; Fu-
glestvedt, J.; et al. The contribution of global aviation to anthropogenic climate forcing for 2000 to 2018. Atmos. Environ. 2020, 244,
117834. [CrossRef]

Holman, C. Sources of Air Pollution. In Air Pollution and Health; Elsevier: Amsterdam, The Netherlands, 1999; pp. 115-148.
Fuglestvedt, J.; Berntsen, T.; Myhre, G.; Rypdal, K.; Skeie, R.B. Climate forcing from the transport sectors. Proc. Natl. Acad. Sci.
USA 2008, 105, 454-458. [CrossRef] [PubMed]

Teague, W.S.; Zick, C.D.; Smith, K.R. Soft Transport Policies and Ground-Level Ozone: An Evaluation of the “Clear the Air
Challenge” in Salt Lake City. Policy Stud. ]. 2015, 43, 399-415. [CrossRef]

Poorfakhraei, A.; Tayarani, M.; Rowangould, G. Evaluating health outcomes from vehicle emissions exposure in the long range
regional transportation planning process. J. Transp. Health 2017, 6, 501-515. [CrossRef]

US EPA Biological Pollutants” Impact on Indoor Air Quality. Available online: https://www.epa.gov/indoor-air-quality-iaq/
biological-pollutants-impact-indoor-air-quality#:~{}:text=Mold %2Cdustmites%2C (accessed on 15 September 2020).

Wagner, 1. Passenger Road Transport—Carbon Dioxide Emissions 2010-2020. Available online: https://www.statista.com/
statistics /1107970/ carbon-dioxide-emissions-passenger-transport/ (accessed on 15 September 2020).

International Energy Agency (IEA) Tracking Transport. Available online: https://www.iea.org/reports/tracking-transport-2020
/electric-vehicles (accessed on 1 April 2021).

Niculescu, R.; Clenci, A.; Iorga-Siman, V. Review on the Use of Diesel-Biodiesel-Alcohol Blends in Compression Ignition Engines.
Energies 2019, 12, 1194. [CrossRef]


http://doi.org/10.2471/BLT.18.224295
http://doi.org/10.1016/j.csite.2016.08.001
http://doi.org/10.1016/j.jclepro.2016.10.082
http://doi.org/10.1016/j.jclepro.2017.04.053
http://doi.org/10.1016/j.rser.2014.10.034
http://doi.org/10.1016/j.enconman.2014.09.027
http://doi.org/10.1016/j.matpr.2020.06.344
http://doi.org/10.1016/j.fuel.2020.118613
http://doi.org/10.1016/j.applthermaleng.2011.05.044
http://doi.org/10.1016/j.fuel.2011.11.020
http://doi.org/10.1021/acs.energyfuels.7b03779
http://doi.org/10.1016/j.energy.2013.02.059
http://doi.org/10.1016/j.fuel.2018.02.145
http://doi.org/10.1016/j.rser.2016.12.080
http://doi.org/10.1080/17597269.2017.1329494
http://doi.org/10.1016/j.applthermaleng.2009.10.004
http://doi.org/10.1016/j.rser.2014.03.049
http://doi.org/10.1016/j.fuel.2009.10.035
http://doi.org/10.1016/j.atmosenv.2010.01.002
http://doi.org/10.1016/j.atmosenv.2020.117834
http://doi.org/10.1073/pnas.0702958104
http://www.ncbi.nlm.nih.gov/pubmed/18180450
http://doi.org/10.1111/psj.12105
http://doi.org/10.1016/j.jth.2017.05.177
https://www.epa.gov/indoor-air-quality-iaq/biological-pollutants-impact-indoor-air-quality#:~{}:text=Mold%2Cdustmites%2C
https://www.epa.gov/indoor-air-quality-iaq/biological-pollutants-impact-indoor-air-quality#:~{}:text=Mold%2Cdustmites%2C
https://www.statista.com/statistics/1107970/carbon-dioxide-emissions-passenger-transport/
https://www.statista.com/statistics/1107970/carbon-dioxide-emissions-passenger-transport/
https://www.iea.org/reports/tracking-transport-2020/electric-vehicles
https://www.iea.org/reports/tracking-transport-2020/electric-vehicles
http://doi.org/10.3390/en12071194

Sustainability 2021, 13, 5465 28 of 28

149.

150.

151.

152.

153.

154.

155.

Davis, S.J.; Lewis, N.S.; Shaner, M.; Aggarwal, S.; Arent, D.; Azevedo, I.L.; Benson, S.M.; Bradley, T.; Brouwer, J.; Chiang, Y.-M.; et al.
Net-zero emissions energy systems. Science 2018, 360, eaas9793. [CrossRef]

De Oliveira, F.C.; Coelho, S.T. History, evolution, and environmental impact of biodiesel in Brazil: A review. Renew. Sustain.
Energy Rev. 2017, 75, 168-179. [CrossRef]

Kamil, M.; Ramadan, K.M.; Awad, O.1; Ibrahim, T.K; Inayat, A.; Ma, X. Environmental impacts of biodiesel production from
waste spent coffee grounds and its implementation in a compression ignition engine. Sci. Total Environ. 2019, 675, 13-30.
[CrossRef] [PubMed]

United Nations Sustainable Development Goals: Sustainable Development Knowledge Platform. Available online: https:
/ /sustainabledevelopment.un.org/index.html (accessed on 7 September 2020).

United Nations Sustainable Knowledge Platform. United Nations Transforming Our World: The 2030 Agenda for Sustainable
Development. Available online: https://sustainabledevelopment.un.org/post2015/transformingourworld (accessed on 1
May 2021).

Bhatia, S.C. Energy resources and their utilisation. In Advanced Renewable Energy Systems; Bhatia, S.C., Ed.; Elsevier: Amsterdam,
The Netherlands, 2014; pp. 1-31. ISBN 978-1-78242-269-3.

Carrington, D. Air Pollution May Be ‘Key Contributor” to Covid-19 Deaths—Study. Available online: https://www.theguardian.
com/environment/2020/apr/20/air-pollution-may-be-key-contributor-to-covid-19-deaths-study (accessed on 31 October 2020).


http://doi.org/10.1126/science.aas9793
http://doi.org/10.1016/j.rser.2016.10.060
http://doi.org/10.1016/j.scitotenv.2019.04.156
http://www.ncbi.nlm.nih.gov/pubmed/31026637
https://sustainabledevelopment.un.org/index.html
https://sustainabledevelopment.un.org/index.html
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://www.theguardian.com/environment/2020/apr/20/air-pollution-may-be-key-contributor-to-covid-19-deaths-study
https://www.theguardian.com/environment/2020/apr/20/air-pollution-may-be-key-contributor-to-covid-19-deaths-study

	Introduction 
	Pollutant Emissions from Fossil Fuel Combustion in IC Engines 
	Carbon Monoxide Emissions 
	Unburned Hydrocarbons Emissions 
	Nitrogen Oxide Emissions 
	Particulate Matter Emissions 
	Carbon Dioxide Emissions 

	Negative Impacts of Pollutant Emissions on Human Life Quality 
	Abatement of Pollutant Emissions Via Biodiesel Combustion in IC Engines 
	Road Transportation as a Contributor of Harmful Air Pollutants 
	Nexus Between Engine Fuel Combustion and Sustainable Environmental Development 

	Discussion 
	Conclusions 
	References

