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Abstract: Biodiesel is an alternative source of fuel for various automotive applications. Because of the
increasing demand for energy and the scarcity of fossil fuels, researchers have turned their attention
to biodiesel production from various sources in recent years. The production of biofuels from organic
materials and waste components allows for the use of these waste resources in transporting resources
and people over long distances. As a result, developing sustainable measures for this aspect of life is
critical, as knowledge of appropriate fuel sources, corresponding emissions, and health impacts will
benefit the environment and public health assessment, which is currently lacking in the literature.
This study investigates biodiesel’s composition and production process, in addition to biodiesel
emissions and their associated health effects. Based on the existing literature, a detailed analysis
of biodiesel production from vegetable o0il crops and emissions was undertaken. This study also
considered vegetable oil sources, such as food crops, which can have a substantial impact on the
environment if suitable growing procedures are not followed. Incorporating biodegradable fuels as
renewable and sustainable solutions decreases pollution to the environment. The effects of biodiesel
exhaust gas and particulates on human health were also examined. According to epidemiologic
studies, those who have been exposed to diesel exhaust have a 1.2-1.5 times higher risk of developing
lung cancer than those who have not. In addition, for every 24 parts per billion increase in NO,
concentration, symptom prevalence increases 2.7-fold. Research also suggests that plain biodiesel
combustion emissions are more damaging than petroleum diesel fuel combustion emissions. A
comprehensive analysis of biodiesel production, emissions, and health implications would advance
this field’s understanding.

Keywords: vegetable oil; biodiesel; health effect of biodiesel; environment effect of biodiesel; emission

1. Introduction

The use of vegetable oil as a fuel source in diesel engines is a long-standing practice [1].
Transesterification of vegetable oil was first accomplished in 1853 by the scientists E. Duffy
and J. Patrick, which was a good number of years before the first diesel engine was ever
put into operation [2]. On 10 August 1893, at Augsburg, Germany, Rudolf Diesel’s prime
model, which consisted of a single 10-foot (3 m) iron cylinder with a flywheel at its base,
successfully ran on its own power for the first time. Later, in 1898, Diesel presented a
demonstration of his engine at the World’s Fair in Paris, France. Because it was powered by
peanut oil, a biofuel, this engine illustrated Diesel’s vision for the future. He was under

Energies 2022, 15, 6854. https:/ /doi.org/10.3390/en15186854

https:/ /www.mdpi.com/journal/energies


https://doi.org/10.3390/en15186854
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0003-4170-4074
https://orcid.org/0000-0002-6985-929X
https://orcid.org/0000-0001-6264-3886
https://doi.org/10.3390/en15186854
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en15186854?type=check_update&version=2

Energies 2022, 15, 6854

2 of 24

the impression that the exploitation of biomass fuel was the most promising avenue for
developing his engine.

However, the current demand for developing and utilizing vegetable or plant oil
and animal fats in biodiesel fuel form is quite limited. Biodiesel is technically described
as mono-alkyl esters of fatty acids generated from renewable lipid feedstock, such as
animal fats or plant oils, and intended for use in compression-ignition diesel engines [3].
Biodiesel is a renewable fuel made from vegetable oil, methanol, and fats or recycled
cooking fats [4,5]. Biodiesel fuel is often obtained from renewable natural resources that
are continually replenished. The fuel can be created directly from plant oils, animal fats or
oils, tallow, or recycled cooking oil via a transesterification process. Currently, the majority
of biodiesel is made from waste plant oils supplied by stores, restaurants, and industrial
food producers [6].

Although oils straight from the agricultural business are the most common biodiesel
source, they are rarely produced for commercial purposes due to high raw oil prices [7].
Furthermore, the additional expense of converting to biodiesel makes it far more expensive
than fossil fuel [8]. Waste plant oil can generally be obtained at a lower cost. However,
it must be extensively processed to remove contaminants before being converted into
biodiesel, as the goal is to make biodiesel from waste plant oil of sufficient quality to
compete with fossil fuels [9]. Although biodiesel is now employed on a modest scale, it
is an important fuel alternative since it has the potential to become a part of a country’s
energy infrastructure due to its commercial practicality [10]. In simpler terms, researchers
believe that biodiesel fuels will become a component of the nation’s energy infrastructure
due to their importance in the future. Biodiesel can be used in any blend with petroleum
fuel since its application is identical to that of petroleum diesel in that both are utilized
as fuel compression-ignition engines [11]. It has long been debated whether biodiesel
use has a major environmental impact in the form of lower emissions, enhanced energy
independence, favorable effects on agriculture, or a reduction in the impact of global
warming [12]. All of these characteristics, however, are dependent on the fuel source and
the manufacturing method. Biodiesel contains less sulphur but a higher level of cetane
than other low-sulphur diesel fuels [13].

The use of biodiesel frequently reduces wear in fuel systems and increases the
longevity of fuel injection equipment [14]. Moreover, biodiesel’s energy density varia-
tions largely depend on the type of feedstock [15]. Because the carbon dioxide produced
into the atmosphere during fuel burning is recycled and reused to grow plant oil crops, it
has a higher concentration of cetane than diesel due to its long chains of fatty acids with a
few double bonds [16]. Depending on the feedstock utilized, researchers evaluate biodiesel
fuels higher in terms of engine maintenance and efficiency. Humans have overexploited
petroleum deposits as a natural resource for fuel. In order to conserve petroleum reserves,
the shortage of petroleum reserves tends to promote the creation of renewable energy re-
sources, such as solar energy production and biofuel production. Biodiesel is a well-known
alternative fuel that is utilized as a substitute for petroleum-based diesel fuels. Mono-alkyl
esters derived from vegetable oils and fats are used to make biodiesel. This is regarded as an
environmentally beneficial fuel that reduces carbon footprints and regulates ecological foot-
prints [17]. According to the US DOE (Department of Energy), biodiesel is carbon-neutral
since the plants that act as the sources of feedstock for producing biodiesel, such as palm
oil trees, soybeans, etc., absorb atmospheric carbon dioxide while growing. These plants’
carbon dioxide absorption usually offsets the carbon dioxide produced during biodiesel
production and burning [18]. Most of these are produced from soybeans, and some are
also produced from utilized vegetable oils and animal fats [19]. There are places where
large, cultivated lands and forests have been cleared to grow these trees for producing
biodiesel. Although biodiesel is more preferred than other diesel fuels, this deforestation
causes greater negative impacts on the environment due to the burning and clearing of
lands compared to the benefits of biodiesel produced from these plants (IPCC, 2017) [20].
Biodiesel is preferable as a renewable fuel for promoting a green environment, and the
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production of biodiesel from natural resources or waste material of crops is helpful in
maintaining sustainability. Transesterification is used to convert fats and oils into eco-fuel,
such as biodiesel.

Fresh diesel exhaust is a complicated combination that emerges from the engine.
When diesel exhaust is discharged into the atmosphere, it “ages” and undergoes different
changes owing to photochemical reactions and the aggregation of sulphate particles into
fine particulate air pollution, making it even more complicated. Fresh diesel engine exhaust
contains coarse and fine particulate matter, nitric oxide, carbon dioxide, some carbon
monoxide, and oxidized sulphur compounds (sulphur dioxide and sulphates), the amount
of which varies depending on the sulphur content of the fuel. Fresh and aged diesel exhaust
is known to be carcinogenic and has been linked to human cancer, particularly lung cancer,
among populations and vocations exposed to diesel exhaust. The International Agency
for Research on Cancer (IARC) reclassified diesel-engine exhaust as a Class 1 carcinogen
in June 2012, indicating that there is sufficient evidence to conclude that diesel exhaust
causes cancer in humans [21]. These conclusions were based on epidemiology studies of
exposed populations and toxicology studies of animals. IARC is universally considered
authoritative in the field of cancer research. The gas phase of fresh diesel exhaust does
not include many secondary pollutants that contribute to urban air pollution, although
it may be high in formaldehyde (a severe respiratory and mucosal irritant and upper
airway carcinogen) and acetaldehyde depending on operating circumstances [22]. The
particulate phase of diesel exhaust is also irritating and may cause irritation. According to
the then-recent subchronic and acute animal investigations, fresh (non-aged) diesel-engine
exhaust has comparatively low inflammatory effects [22].

All of the research described above investigated various methods of biodiesel manu-
facturing and their application as fuel in diesel engines. Estevez et al. [23] discussed green
diesel, biodiesel-like biofuels, and straight vegetable o0il (SVO) blending with less viscous
and lower cetane (LVLC) biofuels as immediate solutions to replace fossil diesel in a diesel
engine application. They stated that the production of fuel from lignocellulosic sources is
not feasible in the short term but that it would be extremely beneficial in the medium to
long term. It should be noted that biodiesel has already been widely adopted in a variety
of regions around the world and that quality control standards for this fuel have already
been established. This refutes the authors” assertion about short-term viability.

The emission of various types of biodiesel from diesel engines, and the related effects
on human respiratory and public health, is critical for the environment and health. This
study thoroughly explores the production process of biodiesel from various sources and the
associated environmental and health implications. Because of contemporary scenarios of
growing respiratory difficulties, the study of biodiesel and respiratory health implications
is a significant and widespread topic. Research has been carried out to evaluate the effects
of biodiesel on the respiratory system in order to understand its consequences on human
health. This article seeks to emphasize the importance of biodiesel as an energy resource by
thoroughly analyzing health impacts in past research.

2. Biodiesel as a Renewable Energy Source

Because it is a clean-burning process that gives energy, biodiesel is a domestic product
that provides renewable energy resources. These resources are becoming increasingly
popular in the energy production and environmental management industries. Additionally,
the use of biodiesel can provide energy security while also improving air quality. As the
demand for energy resources grows, the use of extensive carbon-emitting fuel resources
accumulates a considerable amount of carbon-based pollution in the atmosphere [24]. It can
be added with petroleum to increase the oxygen content and thus improve the combustion
process while decreasing the oxidation potential of the fuel [24].

Biodiesel is critical for advancing green technologies, encouraging renewable energy
sources, and emphasizing sustainable development by reducing environmental contami-
nants. As a result, Table 1 shows the applications of biodiesel.
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Table 1. Applications of biodiesel.

Application Explanation Application References
Biodiesel may be used as fuel for automobiles and
Automobiles Mining, Hybrid electric farm machinery, off-road work of construction, and [24,25]

Agricultural adjuvants

Boiler fuel

Generation of power

mining. Biodiesel is also applied within hybrid
electric automobiles

Pesticides’ carrier They can be used as a carrier for pesticides and

® F(.ertlllzer fertilizers in agricultural sprays because of their [26,27]

¢  Biodegradable non-toxic and biodegradable properties
With the increasing price of natural gas, biodiesel is

Alternative for boiler use. a better alternative, with slight modifications [28,29]
required for boiler use

e Standby power Generators that run on biodiesel provide standby

e Engine deterioration’s power at the time of power shortage. Additionally, [30]

minimizer the enhanced lubricity of such generators can i

potentially minimize engine deterioration

2.1. Biodiesel Production

Biodiesel is made directly from plant oil, animal fats and wastes, and waste oils. There
are three methods for producing biodiesel from fats and oils [31,32]:

Base-catalyzed transesterification [33];
Acid-catalyzed esterification [34]; and
Simultaneous esterification and transesterification of oil [35].

The majority of biodiesel is produced utilizing the base catalyst process. Transesterifi-
cation is the most inexpensive method, requiring only low pressures and temperatures and
yielding a production yield of over 98% [36,37]. A triglyceride has a glycerine molecule
as a base, with associated long chains of fatty acids [5,38]. The triglyceride combines with
alcohol during the transesterification process under the influence of any catalyst, which
should be a strong alkaline base such as sodium hydroxide [39]. Figure 1 depicts regional
biofuel production from 2016 to 2021.

A reaction between alcohol and fatty acids produces a mono-alkyl ester and crude
glycerol and biodiesel. The majority of the alcohol used in the process is ethanol or
methanol, which is base-catalyzed by sodium or potassium hydroxide [40,41]. However,
potassium hydroxide is better suited for the production of biodiesel via ethyl ester. An
increase in biofuel production immediately benefits human life by reducing pollution
and conserving natural resources and atmospheric pressure caused by the over-emission
of fumes from carbon-based fuels. This is why biodiesel manufacturing helps reduce
atmospheric pollution, and increasing biodiesel production means greater use of green fuel,
which ultimately aids in sustainable development and reducing carbon footprints.

2.2. Production Process Considerations

Figure 2 shows the associated steps that are involved in the production process [42].

A mixture of alcohol and the catalyst—The catalyst can be sodium or potassium hy-
droxide, which is dissolved in alcohol with the use of a normal mixer or agitator. Following
the reaction, the mixture is charged within a closed reaction container, and fat/oil is added
to the mixture. An atmospheric state totally prevents the process, ensuring that no alcohol
is sublimed. To speed up the reaction, the temperature of the mixture is kept at just above
78 degrees Celsius (alcohol boiling point). It should be permitted for one to eight hours at
regular room temperature. Any extra alcohol is usually used to guarantee that the oil/fat is
converted into esters [43]. It is critical to keep track of the levels of water and fatty acids in
the input fat/oil. If the concentration of water or free fatty acids is too high, it will interfere
with soap synthesis and by-product separation [42].
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Figure 1. Biofuel production by region from 2016 to 2021.

Figure 2. Production process of biodiesel.
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Separation—Following the process, two separate products are generated, namely
glycerine and biodiesel, both of which contain an excess of methanol, which was previously
utilized during the reaction [44]. When necessary, the finished mixture is subjected to
neutralization during this phase. Glycerine is denser than biodiesel [45]. Both are separated
by gravity at the same time, with glycerine easily dragged off the bottom of the settling
tank, and sometimes centrifugal force is used for quick separation [42].

Removal of alcohol—Following the separation of the biodiesel and glycerine phases,
the excess alcohol is removed through flash evaporation or distillation [46]. It is also
removed by various techniques, and the mixture is neutralized before the separation of
esters and glycerine occurs [42]. In both circumstances, the alcohol can be collected and
reused using distillation apparatus. In both circumstances, the alcohol can be collected and
reused using distillation equipment [47]. However, no water should be allowed to build in
the recovered alcohol stream.

Neutralization of glycerine—Glycerine by-products contain unutilized catalysts and
soaps, which can be neutralized with acid and stored as crude glycerine [46]. Occasionally,
the salt generated during this phase can be collected and used as fertilizer. Water and
alcohol are removed in this process to produce the purest glycerine possible; in more
modern processes, it is sometimes distilled to around 99% purity for sale in medicinal or
cosmetic industries [48].

Methyl ester wash—When separated from glycerine, the resulting biodiesel can be
refined further by gently washing in warm water to remove leftover soaps or catalysts,
followed by proper drying and storage. It is usually the final stage of the manufacturing
process that results in an amber-yellow liquid with the viscosity of petro-diesel [42].

Product Quality—The final product of biodiesel should be adequately analyzed for
commercial application using advanced analytical techniques. This is carried out to guar-
antee that the essential commercial biodiesel criteria are met [49]. Some of the fundamental
parts of production for ensuring smooth operations within the diesel engine include com-
pleted reaction elimination of glycerine, alcohol, and a catalyst and the removal of free
fatty acids [50]. Table 2 shows the characteristics that must be addressed during the
manufacturing process.

Table 2. Important steps in the production process.

Process Name Things to Note References
A mixture of alcohol and the catalyst ~ Careful about alcohol excess and monitor level of water and fatty acids. [46]
Separation Gravity and centrifugal force [42]
Removal of alcohol No water should be accumulated in recovered alcohol [51]
Neutralization of glycerine Purity of glycerine [48]
Methyl ester wash Color and viscosity [3]
Product Quality Analyzed through advanced analytical techniques [52]

Biodiesel is easy to use, non-toxic, and biodegradable [53]. According to researchers,
the fuel is mostly utilized in most engines, particularly newer ones, because it releases fewer
amounts of greenhouse gases, with the exception of nitrogen oxides [54]. Biodiesel is gener-
ally safe to use and has a slightly lower energy content than petroleum fuel. Furthermore,
when compared to fossil fuels, their lubricity is an extra benefit [55]. Biodiesel’s blending
capabilities are adequate, and it greatly reduces carbon-based emissions [56]. Because of
the rising cost of petroleum products and fuels, biodiesel is becoming more popular as a
low-cost option for commercial use [57]. The widespread use of biodiesel also minimizes
reliance on limited natural resources. Furthermore, biodiesel is simple to produce and
can be obtained through a variety of methods. It has been scientifically demonstrated that
biodiesel exhaust particles are less harmful to human health than petroleum products [55].
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3. Emission from Biodiesel Production and Combustion

When it comes to the manufacturing process, the amount of energy that is used
is a major source of environmental concern. Because of the higher pressure or higher
temperature, the steps that involve pretreatment and extraction are the ones that use the
most energy. Transesterification is the most popular method used for the production of
biodiesel due to the fact that it is an environmentally friendly and renewable process [58].
The ratio of alcohol to glycerides, amount of catalyst used, reaction time and temperature,
and amount of free fatty acids contained within feedstock are all factors that can affect the
outcome of this process [59]. Utilizing supercritical alcohol and ultrasound, in addition to
more traditional methods of producing biodiesel, is thought to result in a higher overall
yield of production. The cost of production presents a significant obstacle throughout
the process, particularly with regard to the process’s potential for commercialization [60].
According to Sanchez Faba et al. [61], the reason for this is that the cost of using plant oil as
a source of raw materials in the production of biodiesel is relatively higher. Because of this,
it is not possible to utilize this resource in a commercial setting. However, in order to bring
down the overall cost of production, a continuous transesterification process may be of
great assistance. In a similar vein, it is a prudent business move to ignore the high cost of
using plant oil as feedstock in favor of recovering a high-quality product such as glycerol
for use in other applications [60]. Studies suggest that additional research and development
efforts are required to identify more advanced methods of biodiesel production in order to
include properties in biodiesel that make it more feasibly sustainable. Despite the fact that
the production of biodiesel is quite pricey, studies suggest that these efforts are necessary.

Biodiesel fuel, which can be produced from either animal fats or plant oils, is regarded
as an essential alternative to the use of diesel engines due to the fact that it functions
as a renewable energy resource. It is also non-toxic, biodegradable, and friendly to the
environment [6]. The combustion of liquid biofuels in internal combustion engines has
been the primary focus of performance and emissions analysis to date. The fact that
burning biodiesel results in emissions of carbon dioxide that are comparable to those of
conventional fossil fuels is the primary motivation behind the production of biodiesel.
When the plant feedstock that is used in the production grows, it takes in carbon dioxide
from the air and uses it for growth. However, the various processes that are used in the
production and utilization of biodiesel (mostly through combustion in a diesel engine)
often result in the production of harmful by-products in the form of exhaust particles that
have the potential to negatively impact human health. Micro-emulsification, pyrolysis, and
transesterification are just three of the many processes that are involved in the production
of biodiesel (chemical and enzymatic). A chemical reaction involving a catalyst (a strong
base) is required to produce industrial biodiesel. This process is analogous to the one
described above [42]. Table 3 contains a list of the emissions that result from the production
and combustion of biodiesel.

Table 3. The emissions from biodiesel production and combustion.

Name Comparison with Other Fuels Emission References
Ozone Less than other diesel fuels Gas [56]
Sulfur Very less, only in impure biodiesel Oxides and sulphates [53]
Carbon Monoxide 48% less Unburned Carbon monoxide [62]
Hydrocarbons 66% less All series [63]
Particulate 46% less Inhaling particulate [62]
Carbon dioxide 78% less CO, [62]
Nitrogen Oxides 10% NO, [64]

Diesel engine exhaust contains a wide range of gaseous and particulate phased organic
and inorganic compounds with higher aromatics and sulphur than gasoline engines. The
particles have hundreds of chemicals adsorbed onto their surfaces, comprising many
recognized or suspected mutagens and carcinogens. The gaseous phase also contains many
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toxic chemicals and irritants. These have a serious adverse effect on human health and an
environmental impact [53,54].

3.1. Biodiesel Gaseous Emissions
3.1.1. Carbon Dioxide

Carbon dioxide acts as one of the most concerning greenhouse gasses. Though
biodiesel, when burnt, emits carbon dioxide equally to ordinary fossil fuel, the use of
plant feedstock within the production process usually absorbs a certain quantity of atmo-
spheric carbon dioxide while growing. Estimations show that biodiesel is produced from
waste cooking oil or fat and reduces carbon dioxide emissions by approximately 85% [65].
Biodiesel has been proven to have benefits over other petroleum diesel due to its emission
composition. Biodiesel combustion usually emits negligible sulphur dioxide emissions,
reduced polyaromatic hydrocarbons, carbon monoxide, and soot [62].

3.1.2. Ozone (O3)

Ozone is extremely vital in our atmosphere since it shields all living species on Earth’s
surface from damaging solar UVB and UVC radiation. Because it absorbs both solar UV
and terrestrial IR radiation, ozone has an important function in the stratosphere’s energy
balance [66]. Furthermore, ozone in the tropopause is a powerful glasshouse gas, and
rising ozone levels at these altitudes contribute to climate change [67]. Ozone is one of the
primary pollutants in the air during hot summer days, particularly in the urban cores of
cities [68]. It is believed that vehicular traffic is the source of the chain reactions of volatile
organic compounds (VOCs) that lead to the formation of ozone when these compounds are
exposed to sunlight and nitrogen oxides. Ozone at ground level is a priority air pollutant
because it is responsible for approximately 22,000 additional deaths each year in Europe
and significant reductions in crop yields and loss of biodiversity [69,70]. Because ground-
level ozone is a high-priority air pollutant, a significant amount of effort has been put
into developing strategies for lowering emissions of the NOx and VOCs that it is derived
from [69].

3.1.3. Nitrogen Oxides (NOx)

The combustion efficiency idea can be represented as the ratio of energy released
during combustion to the high heating value of the fuel. Its efficiency can be improved by
altering the air entrance to a combustion chamber, which may also affect the composition
of the end emissions. The ability of a combustion system to utilize fuel fully without
producing carbon monoxide or leaving hydrocarbons unburned is often referred to as
combustion efficiency. In this step, the burner is “tuned up” to burn more effectively [65].
In general, a higher combustion efficiency often relates to a lower NOx emission [71].

NOx (nitrogen oxides) is commonly explained by the emission regulations along with
the protocol of regulatory measurements involving the two gases nitrogen dioxide (NO,)
and nitric oxide (NO). Nitric oxide is an odorless and colorless gas:

KJ

N; +0; <> 2NO —1824——
mol

Thus, NO can be oxidized by oxygen into nitrogen dioxide:

2NO + O, +» 2NO, + 113.8£
mol

Nitrogen oxides are highly reactive in nature that encompass compounds including
nitrous and, finally, nitric acid. The compounds are basically released in heavy vehicles,
off-road equipment exhaust, and power plants [64]. On the same point, scientists insist that
nitrogen oxides are formed when nitrogen in the atmosphere and oxygen start reaction at a
higher temperature and pressure within a combusting cylinder that may have an excessive
temperature of over 2200 °C and 20 bar [72].
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The fuel is sprayed into it to produce tiny droplets during the direct injection proce-
dure. It comes into contact with oxygen at the boundary surface between fuel droplets
and air, where the local temperature within the fuel droplet is higher than the temperature
required to create nitrogen oxide [73]. Typically, increasing amounts of oxygen and tem-
perature are required to produce significant levels of nitrogen oxide. Such situations are
common in diesel engines since they operate with a lean air-fuel combination and higher
compression ratios [64]. Furthermore, diesel fuel is known to emit fewer nitrogen oxides
during combustion than gasoline.

Diesel engines, on the other hand, might emit more nitrogen oxides into the environ-
ment if catalytic converters are used [74]. Nitrogen oxide emissions from biodiesel are
frequently variable based on the engine family and testing methodologies. Nitrogen oxide
emissions from pure biodiesel can be increased by 10%. However, the lack of sulphur
in biodiesel allows for the use of nitrogen oxide management technologies, which is not
applicable to regular diesel [56]. Furthermore, certain commercial additives for decreasing
nitrogen oxide emissions in biodiesel blends have been successfully produced by some
businesses [63].

3.1.4. Carbon Monoxide (CO)

CO is crucial in the oxidation of hydrocarbons. Fuel would break down into CO
during combustion before oxidizing the carbon dioxide. As a result, the oxidation of CO
is extremely slow. When the combustion reactions are not fully completed, CO is created
due to a shortage of oxygen or insufficient mixing. CO is an odorless and colorless gas.
Turns [75] described two ways to form CO and UHC, including overly lean and rich. In
the case of an overly lean mixture, the flame cannot propagate through the mixture, and
fuel pyrolysis with partial oxidation causes CO and UHC. For an overly rich mixture, fuel
cannot mix with a sufficient amount of air, or the mix does not have a sufficient amount
of time to be oxidized. This results in a significant amount of CO and UHC. The larger
the air fraction and the better the blending, the lower the CO emission within the limits
reported by Turns [75]. Because carbon monoxide emissions behave similarly to many
other hydrocarbon emissions, their miles are frequently used for regulatory purposes to
measure combustion’s overall efficiency.

3.1.5. Sulphur Dioxide (SO,)

SO; is a poisonous gas that is colorless and has a terrible odor. It is part of a broader
series of chemicals known as SOx. SOy are emitted through the combustion of fuel, oil, and
coal, in addition to other sulphur-containing materials. Various sources include smelting
factories, electricity plants, and metal processing for various vehicles. The equipment,
similar to diesel, is a significant producer of sulphur dioxide, but a recent federal law has
lowered the sulphur content of biodiesel fuel, resulting in a significant improvement in the
sector of gaseous emissions.

3.1.6. Hydrocarbon (HC)

Organic substances such as unburned hydrocarbons, which are made up of only car-
bon atoms and hydrogen, are also found in crude oil, fossil fuels, coal, and natural gas. All
of these are classified into five different primary homologous and familial series (Alkadiene,
alkenes, alkanes, cycloalkanes, and alkynes) [76]. In the homologous series, hydrocarbon
also shares a unique formula that is similar to the physical and chemical, which is the most
recognizable by hydrocarbons and the alkene family such as butane, methane, and propane,
which also share the single bone of carbon-carbon construction. It substitutes fossil fuels,
traditional glasshouse gases that cause and deplete ozone, with sustainable, environmen-
tally friendly fuels that reduce the glasshouse effect, global warming, climate change, and
regional growth. Figure 3 depicts the gaseous phase emission from biodiesel burning.
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Figure 3. Biodiesel gaseous phase emission.

In conventional diesel combustion, the primary causes of hydrocarbon (HC) emissions
are the accumulation of fuel in the crevice volumes of the combustion chamber, low-
temperature bulk quenching of the oxidation reactions, locally over-lean or over-rich
mixture, liquid wall films for excessive spray impingement, and incomplete evaporation
of the fuel [77]. Other factors include low-temperature bulk quenching of the oxidation
reactions, locally over-lean or over-rich mixture, and locally over-lean or over-rich.

3.2. Biodiesel Solid-Phase Emissions

Generally, solid-phase emissions include the presence of a wider range of particle
constituents, such as sulphates, organics, and carbon, and the availability of metal oxides
and metallic ash and toxic compounds such as PAH, carbonyls, reactive oxygen groups,
inorganic ions, and quinones. Research suggests that biodiesel’s burning rate is lowered
by around 11 %; however, biodiesel emits fewer pollutants than diesel in terms of the
environmental impacts of emissions. The emitting performance of every methyl ester
usually varies depending on the attributes of the feedstock [52]. Emissions related to the
pure form of biodiesel are less than conventional diesel except that of nitrogen oxides. The
emission of nitrogen oxides from pure biodiesel increases by around 10 percent based on
the engine’s combustion properties and the test procedure [56]. Apart from this, sulphur
emissions are eliminated in pure biodiesel more efficiently than in other diesel. Research has
found that the emissions of exhaustive particles such as carbon monoxide, hydrocarbons,
and particulates are less on an average by 66%, 47%, and 45%, respectively, for biodiesel
than diesel fuel [78]. The extent of polycyclic aromatic hydrocarbons (PAHs), identified as
cancer-causing compounds, is reduced by approximately 80% in biodiesel exhaust emission.

The physical characteristics of diesel particulate matter (DPM) include aspects that
demonstrate the structure and sizes, such as the surface area, mass, particle distribution,
and state of the physical mixture [79]. These properties in DPM impact human respiration
in multiple ways. For example, the particle surface area influences how toxic compounds
condense or adsorb on particles; the particle size governs where diesel particulate matter is
deposited in the human respiratory tract; and the particle number determines their ability
to coagulate, thereby growing larger [80,81]. Additionally, the state of the physical mixture
of particles should be considered while ascertaining respiratory health impacts [79]. More-
over, incomplete combustion of fuel that contains traces of nitrogen, sulphur, and oxygen
(such as biofuels) emits more products due to incomplete combustion. The presence of
metals, sulphur, and ash from the partial combustion of lubricants contributes to a mixture
of combustion engine chemicals [82]. Diesel engine exhaust contains up to 20,000 different
chemical compounds, with only around 700 having been identified to the present time,
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including carbon monoxide, hydrogen cyanide, and diesel particulate matter [83]. In gen-
eral, determining the chemical constituents of diesel particulate matter entails examining
the presence of a broader range of particle constituents, such as sulphates, organics, and
carbon, and the availability of metal oxides and metallic ash, and toxic compounds such as
PAH, carbonyls, reactive oxygen groups, inorganic ions, and quinones.

The scientists who study public health are specifically concerned about the cancerous
and non-cancerous impacts of diesel exhaust emission exposure. Thoai et al. [84] found
an enhanced risk of lung cancer and associated mortality due to increased diesel exhaust
exposure. Although biodiesel is believed to have a lesser adverse effect than diesel exhaust,
problems related to respiration and inhalation are inevitable for those close to biodiesel
production processes [85]. Moreover, the US regulatory body has determined that diesel
exhausts act as an occupational carcinogen and pose a threat to humans when exposed
to the environment. Diesel particulate matter has been associated with cellular oxidative
stress and proinflammatory responses [86]. While studies related to biodiesel emissions
have suggested better air quality and health benefits due to reduced particulate matter and
concentrations of hydrocarbons, related literature on biodiesel exposure is not adequately
available [15]. Generally, exposure refers to a contract between a target (say a person) and
any chemical, biological, or even physical agent. The intermediary step within the process
is based upon a risk model conceptualization comprising pollutants, dose, exposure, and
health impacts [87]. It is common logic that evaluating every step in the risk model is crucial
for understanding biodiesel’s overall effects on human health and air quality. A study
about tailpipe emission enables an initial step toward the cause [88]. Even after placing all
the cards on the table, it is still not clear if reducing biodiesel tailpipe emissions would lead
to a similar reduction in exposure within a nearby field environment or workplace.

Conventional biodiesel production uses alcohol as an acyl acceptor; the product is
glycerol [55]. Thus, biodiesel’s expanded production also refers to the increased availability
of glycerol in the global market, causing a substantial pricing decline. With the increasing
demand and adverse environmental issues, there has been a shift in the focus toward
renewable energy sources, including biodiesel [89]. Despite these facts, this fuel is used in
several countries as an essential alternative to diesel fuels.

As mentioned earlier, biodiesel fuels are mostly produced for commercial purposes
through the esterification of plant oil and animal fats in the presence of a catalyst under
controlled conditions. The compositions of emission exhaust of biodiesel have contributed
to reducing environmental pollution at the place they have been used [42]. This gained a lot
of attention and concerns in the present scenario and eventually would be impactful in the
future. Thus, constant development and improvement of biodiesel production processes
are required to produce cleaner emissions with much lesser effects on the environment and,
at the same time, with a minimized cost of production compared to fossil fuels [87]. Hence,
government initiatives may spur the sector and maintain biodiesel as a highly sustainable
fuel for commercial purposes.

3.2.1. PM Emission

Particulate matter (PM) is a complex mixture of solid particulates and liquid droplets
suspended in the air. PM could also originate from dust storms and fires along with vol-
canoes plus man-made sources (for example, emissions from vehicles, combustion, and
industrial processes). Thus, PM emission from automobiles is regarded as a very serious
problem, which is also similar to the NOy regulations and PM emission, which is also
imposed regionally and worldwide. Thus, mineral particles in coal are also left behind,
such as the ash in the combustion, plus the prime sources of the particle emission. Agar-
wal et al. [90] reported that at all operating temperatures, biodiesel and its blends produced
more benzene soluble organic fraction (BSOF) in engine exhaust PM than mineral diesel.
When compared to mineral diesel, pure biodiesel’s exhaust contains a greater number
of particles of a smaller size; however, pure biodiesel also produces a greater number of
particles of all sizes. The particle sizes of biodiesel that had the highest peak concentrations
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of particles were reduced. The control of particle emission has been researched for many
years, and their technologies are included and well established. Figure 4 summarizes the
diesel particulate matter reduction strategies.

Fuel injection strategies

® Advanced injection timing
@ Micro hole size with high injection pressure
® Appropriate post-injection strategy

Advanced combustion strategies

(Diesel Particulate Matter Reduction )
® Homogeneous charge compression ignition (CCl)
® Low temperature combustion (LTC)

@ Reactivity controlled compression ignition (RCCI)

Oxygenated fuel additives Other approaches

® Diesel particulate filter (DPF) ® Bio-ethanol, n-butanol @ Higher boast pressure
® Particulate oxidation catalyst (POC) ® Dimethyl ether (DME) ® Water diesel emulsion
@ Diesel oxidation Catalyst (DOC) ® Dimethyl carbonate (DMC) ® Higher lubricant oil quality
® Biodiesel @ Combustion chambers optimization

Figure 4. Diesel exhaust particulate matter reduction technologies.

3.2.2. Elemental and Organic Carbon

The operationally elaborated method routinely quantifies the elemental and organic
carbon fractions. Therefore, the distinction between the elemental and the organic is not
based on the molecular structure but rather on the optical absorption of the PM sample
during the thermal evolution process. As a result, an analytical method that begins with
the sample being heated in an oxygen-free (helium) environment to determine the amount
of organic carbon is then continued through an oxygenated environment to determine the
amount of “elemental carbon”. As a result, some of the carbonaceous material is pyrolyzed
in an environment rich in helium and at high temperatures, which results in an increase in
optical attenuation [91].

3.2.3. Trace Metals

As mentioned earlier, diesel engine exhaust contains up to 20,000 different chemical
compounds. Agarwal et al. [90] investigated the differences between the concentrations of
metals in the exhaust emissions produced by diesel and biodiesel. Metals such as Ca, Mg,
Fe, and Zn were discovered in higher quantities in biodiesel exhaust for almost all operating
conditions. On the other hand, metals such as Cu, Pb, Cr, Ni, and Na were discovered
in excess in the exhaust particulate of mineral diesel. Experiments investigating metal
concentrations showed that some metals were found to be in excess in mineral diesel while
others were found in excess in biodiesel. The most important findings from the research
indicated that biodiesel’s self-lubricating properties prevented metals typically produced
by engine wear from being found in the particulate matter of biodiesel exhaust. The
presence of metals, sulphur, and ash from the partial combustion of lubricants contributes
to a mixture of combustion engine chemicals.

4. Impact of the Biodiesel Combustion Process
4.1. Gaseous Emission Effect

Different fuel sources have been proposed and are evolving in response to the growing
demand for environmental concerns. Alternative fuel sources, such as biodiesel, are
appealing because they reduce engine emissions. As a result, biodiesel produces a higher
NOx emission than regular diesel fuel. Many factors contribute to the increased NOx
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emission from biodiesel. As a result, the effects of biodiesel combustion on NOx and
approaches to reduction are also included in diesel engines. The mechanism of NOx
formation is the kinetics behind the NOx-forming action reactions. The combustion of
biodiesel results in higher levels of NOx emissions, which are determined by a number of
factors, including the physicochemical properties and molecular structure of the biodiesel,
the temperature of the adiabatic flame, the ignition delay time, the injection timing, and the
load conditions of the engine [92].

4.2. Solid Emission Effect

Compared to petroleum diesel emission, biodiesel emission contains fewer amounts
of particles. Biinger et al. [93] reported a lower mutagenic potential and higher toxicity of
exhaust particles produced by biodiesel compared to that of diesel. They suggested that
lower emissions of polycyclic aromatic compounds are responsible for this. The higher
toxicity was attributed to the carbonyl compounds and unburned fuel, and it lessens the
benefits of biodiesel’s lower emissions of solid particulate matter and mutagens.

4.3. Cultivation and Production Impact on Human Health

The human body is subjected to polluted groundwater as a result of the presence of
biodiesel in contaminated underground water resources (drinking water). The effect that
this contamination has on human health is inversely proportional to the concentration of the
contamination [94]. Both the manufacturing and agricultural sectors present a significant
risk to human health. The vast majority of cases that have been reported across the world
are due to exposure in this field [95]. After the extraction, the next human health concern is
the processing of biodiesel. Many humans are exposed to biological and chemical agents
in the processing, e.g., ethanol manufacturing consists of sodium hydroxide, ammonia,
and sulfuric acid. These three caustic chemicals can cause skin and eye infections [96]. The
chances of cancer are meagre, where at least minimum hygiene regulations are available.

Fatty acid esters, the primary constituents of biodiesel resources, are harmful to human
health [97]. Until recently, the impact was limited to cardiovascular disease. Nonetheless,
it is now clear that fatty acids have a wide range of effects on metabolic diseases such as
type 2 diabetes, inflammatory disease, and cancer [98]. Similarly, biodiesel production
involves the reaction of lipids with methanol; methanol is a highly toxic chemical to human
health and is linked to a variety of health problems. Sodium and potassium are caustic
chemicals that act as catalysts in the production of biodiesel [99]. Many fuel products
contain hydrocarbons, which have long-term consequences such as skin and systemic
disease [99]. Other risks to human health include air pollution, explosions, and fires caused
by these highly reactive chemicals.

An increase in crop cultivation for biodiesel production will have indirect effects on
human health. The system effects due to biodiesel are shown in Table 4. For example,
corn is cultivated for biodiesel resources, increasing nitrate concentrations in surface and
underground water. As a result, most of the underground drinking water storage is full of
maximum contamination levels; a small increase will increase waterborne diseases. To miti-
gate this problem, an energy-intensive drinking water treatment should be carried out [100].
This will require an additional 2360 million kWh energy annually for nitrate treatment; if
not performed thoroughly, the nitrate may cause human disease [101]. The nitrate cannot
be seen; the taste, the smell in water, and too much drinking lead to methemoglobinemia,
also called blue baby syndrome. As the name indicates, it happens to children of a lower
age. It causes the skin to turn bluish, and consuming too much nitrate in water results in
death [102]. The system effects due to biodiesel are shown in Table 4. For adults, it increases
heart rate, decreases blood pressure, and other symptoms include vomiting and stomach
cramps. Medical experts also suggest an increased risk of cancer, especially gastric cancer.
Hence different water treatment plants are constructed to minimize these effects [102]. The
comparison of diesel and biodiesel properties” effect is shown in Table 5.
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Table 4. Biodiesel effects on functional body systems.

Systems Affected Diseases References
CVS (Cardiovascular System) Cardiovascular Diseases, Increased Heart Rate, Decreased Blood Pressure. [102]
Hematological Disorder Blue Baby Syndrome, Met Hemoglobinemia [101]
Infections Skin and Eye Infection [101]
Skin effect Skin to turn bluish [101]
Others Increased Risk of Cancer, Inflammatory Diseases, Type II Diabetes, Vomiting [101]
and Cramps
Table 5. Comparison of diesel and biodiesel effect.
Properties Biodiesel Diesel References
Environmental Impact Less More [56]
Emission of Particulate Matter Less More [99]
PAH (Cancer Causing) Decreases to 80% Increased [99]
Sulphur Emission More Efficient Less Efficient [44]
CO (Carbon Monoxide) Decreases to 66% Increases [103]
Hydrocarbons Decreases to 47% Increases [103]
Other Particulate Matter Decreases to 45% Increases [56]
Air Quality More Improved Less Improved [104]
Sulphates, Carbon Metal oxides, Metal Ash, Toxic .
Compounds, Carbonyl, Reactive Oxygen Groups. Decreased Increased to Wide Range 56l
Lungs Cancer, Mortality, Respiratory Problems Reduced Rate High Rate [46]

4.4. Biodiesel Combustion Impact on Human

The combustion of biodiesel has been shown to induce cytotoxic effects in living or-
ganisms. These effects are induced in BEAS-2B and A549 cells, as was previously discussed,
and they are manifested as cell death [105]. This also induces the production of intracellular
reactive oxygen species and increases antioxidant genes in the human body. According to
Lankoff et al. [106], the attack on intracellular reactive oxygen (ROS) is an indirect attack
on DNA, which may generate a whole series of damaged DNA. The Southwest Research
Institute conducted the most in-depth investigation into the effect of biodiesel on the emis-
sion of toxic compounds, and the findings were strikingly similar to the findings obtained
from animal testing of their susceptibility. Additionally, this fatty liquid is known to be the
cause of erratic heart rhythms and kidney damage [100].

Children with asthma who were exposed to NO,, PMjg, and PM, 5 had a higher preva-
lence of respiratory symptoms and a greater need for medication than children without
asthma, according to one of the first studies evaluating the acute effects of air pollution,
which included 3676 children from 12 locations in the state of California, USA [107]. The
most significant association was with NO, exposure, with a 2.7-fold increase in symptom
prevalence for every 24 ppb increase in the NO, concentration [108]. A study conducted
in Hubei province, China, on 4454 asthma deaths between 2013 and 2018, discovered
increases in mortality associated with PM; 5, O3, and NO5, respectively [109]. According to
the findings of an Australian study on adults, those who had been exposed to NO, for at
least 5 years and lived less than 200 m away from a major road were at an increased risk of
developing asthma and experiencing a significant decline in lung function [110].

Research indicates that exposure to biodiesel affects phagocytic cells, and the long-
term repercussions include an increased risk of respiratory infections and a worsening of
lung conditions that were already present [101]. Because biodiesel fumes can adhere to
the lungs’ surface, the immune cells that attempt to eliminate them end up destroying the
lining of the airways instead [111]. It becomes difficult to breathe due to the alveoli, which
are one of the places in the lungs and blood that exchange oxygen and carbon dioxide
during inhalation and exhalation. This is one of the complications that can result from
chemical pneumonia, which is an irritation of the lungs. T cell responses are found to be
altered more frequently by PM. PM creates a Th2-like microenvironment with excessive
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IL-4 and IL-13 production in the lung [112]. According to Leikauf and Jang [104], alveolar
macrophages are considered to be important players in innate immunity because they
influence inflammatory responses to take on a Th2 phenotype by producing IL-13, as
shown in Figure 5’s adaptive immune response.

Diesel particles

Airway
Inflammation

Figure 5. Changes in Th2 cytokines in macrophages after exposure to TiO, particles.

Every cell in our body needs oxygen to function; oxygen is then used by cells to obtain
energy from food. Respiratory epithelial cells are present in the respiratory tract and used
for breathing functions, and these cells protect the airway tract from potential pathogens,
infections, and tissue injuries [113]. When biodiesel fumes become stuck to the lungs’
surface, and immune cells try to remove them, the respiratory airway paths are destroyed.
Moreover, Duan et al. [111] insist that if a person is exposed for a long time, the air canals
become thin and respiratory diseases occur. All breathing diseases, such as asthma, cancer,
etc., develop due to these canals’ collapse. Hydrocarbons have low surface tension and
low viscosity; they penetrate deep into the lungs, resulting in the above diseases [113].
In general, these chemical fumes degrade surfactant, airway epithelium, alveolar septae,
and pulmonary capillaries, resulting in pneumonia, CNS effects (slurred speech, headache,
disorientation, dizziness, syncope, hallucination, and violent behavior), skin irritation,
and mucous membrane irritation [114]. Epidemiologic studies of different occupational
cohorts consistently show that the risk of lung cancer among workers classified as having
been exposed to diesel exhaust is approximately 1.2 to 1.5 times the risk in those classified
as unexposed [115]. Yenamala et al. [116] demonstrated that combustion emissions from
plain biodiesel are more harmful than petroleum diesel fuel, as evidenced by increased
recruitment of bronchoalveolar lavage (BAL) inflammatory cells, increased tissue damage
and oxidative stress, and increased release of inflammatory mediators. Mice exposed to
biodiesel particles showed longer retention and worse particulate clearance. The damages
to the human structure are shown in Table 6.
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Table 6. Biodiesel damages human.

Stimulus Structure Damaged Ref.
Reactive Oxygen Species Damages DNA [56]
Oily liquid Irregular Heart Rhythm Damage to Kidney [100]
Biocidal Fumes Destroys Walls of Breathing System Which Causes Chemical Pneumonia [111]
Stimuli destroying surfactants, Airway Pneumonia, CNS effects (Slurred Speech, Headache Disorientation,
Epithelium, Alveolar Septa, Dizziness, Syncope, Hallucination, Violent Behavior), Skin Irritation, [113]
Pulmonary Capillaries Mucous Membrane Irritation, Asthma, Cancer
Fumes Asthma, cancer, destroy surfactant, airwa}{ epi’thelium, alveolar septae, and [113]
pulmonary capillaries
Combustion Cell death [104]

5. Future of the Biodiesel Landscape

Although biodiesel is now employed on a modest scale, it is an important fuel al-
ternative since it has the potential to become a part of a country’s energy infrastructure
due to its commercial practicality. It is considered carbon-neutral since the carbon dioxide
produced in the environment during fuel burning is recovered and utilized to grow plant
oil crops. Because of its lengthy chains of fatty acids with a few double bonds, it has a
higher percentage of cetane than diesel [117]. Furthermore, it is free of aromatics and con-
tains 10 to 11 percent oxygen by weight, which reduces emissions such as carbon dioxide,
hydrocarbons, and other particles in the exhaust gas [103]. Biodiesel is said to have less
energy than petro-diesel, which means that more biodiesel is needed to generate the same
amount of energy.

Research has looked at varying concentrations of biodiesel chemicals and the effects
these chemicals had on the health of human subjects. According to the study’s findings, a
one billion dollar increase in ethanol, the primary component in biodiesel production, will
affect the production processes and increase ozone in areas with a high population density.
Studies also emphasize a proper policy structure for the use of biodiesel in vehicles [118].
Three types of health hazards influenced by fuels are soil and water pollution; the effects
of this pollution will only be limited to farmers and local harvesters. Second is the air
pollution due to vehicle emissions, which will have a national impact, and many people
will be affected. Moreover, the most lethal disease is the pre-existing cardio-respiratory
disease. Third and last is the burning of these chemicals, which will have an impact on
the regional and the national level [119]. A sample of biofuel mandates for each nation is
shown in Table 7.

Biodiesel’s environmental benefits are numerous. Because the plants used to make
biodiesel, such as soybeans and palm oil trees, absorb CO; from the air, the US government
views it as a carbon-neutral fuel. Therefore, the plants’ absorption of CO, neutralizes
it, allowing for these combustions [119]. The greenhouse effect weakens, the amount of
CO; in the atmosphere does not rise quickly, and there is no early onset of climate change.
Biodiesel biodegrades quickly, and scientists have shown that this process occurs more
rapidly in water [119]. The newest studies show pollutants” consequences on marine
life [120]. Regarding the fuel category, such as the beginning of the feedstock, engine type,
and operating circumstances, there is not enough information available to determine the
possible mutagenicity of biodiesel emissions. PAHs cause the majority of the mutagenic
activity in biodiesel exhaust.

Biodiesel is seen as an alternative to oil and coal because it reduces carbon dioxide and
global warming [121]. Because of this, the government started to set the target of converting
fuel petroleum to biodiesel. However, new findings suggest that health and environmental
costs (agriculture) will outweigh the benefits to the climate. According to Professor Nick
from the Environmental Centre, who is leading a biodiesel research program, the land use
for biodiesel is up to 215 million hectares [122]. We need to plant at least one-third of this
to meet the biodiesel requirement. To overcome this model, scientists are advised to grow
fast-growing trees [56]; hence, people have started to populate the whole of Europe with



Energies 2022, 15, 6854

17 of 24

poplar and willow. However, due to these trees, a chemical is released into the environment,
which is called isoprene. Moreover, when this chemical is combined with air, it forms ozone,
which is a key component of smog and is considered a cause of crop losses [123].

Table 7. Biofuel mandates for different countries.

Country Current Target Targets for the Future
Argentina B7, E5 B10 by 2019
Brazil B2, E22-23 B5 by 2022
Canada B2, E5 *
Biodiesel: 1.0 billion gallons; 0.91%
Advanced biofuels: 2.01 billion gallons; 1.22%
USA Cellulosic biofuels: 3.46-12.9 milli.01.1 gallons; 0.001-0.010% 365 billion gallons of biofuels by. 202.2
Total renewable fuels: 15.3 billion gallons; 9.22% 21.9 billion gallons from lignocellulosic biofuels
7.7 billion US gallons (approximately 29 billion liters) of
renewable fuel be blended with gasoline by 2012
Costa Rica B20, E7 *
EU Stats 5.77% renewable transport fuel 11% renewable transport fuel by 2020
China N/A E10 by 2020
India E5 21% biofuels by 2020
Japan N/A 11.5% biofuels by 2030
. ueensland: E5
Australia Nev? South Wales: E10 )
* B refers to biodiesel and E to ethanol. The number beside B or E is the percentage integrated into transport
fossil fuel.
According to studies, in order to fulfil the biodiesel growth objective, the quantity
of isoprene in the air would rise by up to 39%, resulting in an increase in ozone levels.
Biodiesel greatly influences human health and the environment, and substantial study
is being conducted to analyze the outcomes. Biodiesel has three sorts of impacts on the
human body: influence on the body, cells, and internal system [124]. On the other hand,
environmental repercussions include ozone depletion, a rise in hydrocarbons, marine life,
and so on. Particles from both combustion and no combustion processes are closely related
to oxidative stress. The factor’s effect on the biodiesel landscape is shown in Table 8.
After the exposure to these biodiesel particles, many reactions also follow closely. The
responsive reaction activates cell signaling and releases proinflammatory mediators [125].
The factors that affect the biodiesel landscape are shown in Table 8. This result can also be
seen through biodiesel exhaust. Various life cycle assessment analyses on biofuels have
provided us with results about biodiesel life. It was concluded that the biofuel span consists
of 5 to 6 months to years depending on its storage conditions [126]. Generally, biodiesel
fuel is a good biodegradable fuel; hence, it is beneficial for human use compared to other
gallons of diesel.
Table 8. Factors’ effects on the biofuel landscape.
Factors Effect References
Increased ethanol Increase in ozone, isoprene up to 39 % increase in injury, Asthma, and Lung Cancer. [40]
Soil and water pollution Former and local harvesters are affected. [40]
Air pollution Cardiorespiratory diseases, National Impact [127]
Burning effect National and regional effect [127]
Combustion activation of cell signaling and the release of proinflammatory mediators [125]

When determining the viability of biofuels, it is necessary to consider the effects they
have on the surrounding environment and a great number of other aspects of sustainability.
These include the costs of production and the competitiveness with fossil fuels, the provi-
sion of employment, the development of rural areas, the impacts on human health, and the
security of food, energy, and water. To avoid shifting the burdens from one part of the life
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cycle or supply chain to another, it is essential that the sustainability aspects of biofuels are
evaluated on a life cycle basis across full supply chains. This evaluation must take place
across the full supply chain. It is essential to keep in mind that life cycle analysis (LCA)
and other types of sustainability assessments are of little use if the findings cannot be relied
upon, which is another thing to keep in mind. As a result, stringent auditing of biofuel sup-
ply chains is absolutely necessary in order to forestall unfavorable socio-economic effects
and to guarantee the fuels’ traceability and reduce the possibility of fraud. In addition, if
life cycle assessment is going to be taken seriously and used for policymaking, improving
transparency, data availability, and data sharing is essential. In the same way that national
inventories have been developed for GHG reporting under the Kyoto Protocol, this goal
could be accomplished by creating open databases on both the national and international
levels. It is also very important to ensure that the data and models from the various fields
of study used in LCA maintain reasonable levels of transparency, rigor, and robustness.
This will help prevent the data and models from being misused and misinterpreted [113].

6. Conclusions and Future Research Direction

Overall, the need for sustainable measures for energy use today is more critical for
the environment and public health. The increasing levels of adverse side effects of human
practices on the environment have become a serious issue, especially for respiratory health.
However, the use of these fuel sources has also been linked explicitly to respiratory health
effects, cancer, the breakdown of ozone, compromised ecosystems, extreme changes in
weather patterns, and various other issues. So, resources such as coal and petroleum
sources are no longer proving sustainable. While these fuel sources have been useful for the
past few years, the need for new alternatives is essential to help safeguard the environment
for future generations. Some of the key conclusions of the present study are listed below:

e  An essential resource of alternative fuel would be biodiesel fuel sources, which seem
to be both affordable and effective for fuel. However, before people can make the most
of these resources, the relevant parties must conduct further research and gain more
insight into this topic.

e The challenges in producing oil and the possible side effects on the environment or
public health in the long term need to be considered.

e Biodiesel fuel will significantly reduce carbon emissions but increase the ozone in
atmospheric air.

Biodiesel fuel usually emits higher NOx than other regular diesel.
While biodiesel seems like a suitable investment as a future fuel source, more research
is required to ensure that it is a feasible alternative fuel source.

The future perspective for managing fuel sources will still be an important topic. Even
though people are choosing other alternatives, such as solar and electric sources of power,
fuel is still important for the running of economies and various livelihoods [16,128]. It is
already clear that the current power sources are still important, but they also have a serious
consequence on people’s lives, especially regarding respiratory health effects [129].

e  Biodiesel is an important fuel source and using it the right way will have many benefits
for the environment.

e  Use of the fuel in the right way will require immense research and analysis to ensure
its compatibility with modern-day sources of fuel.

e  Research will make it easy to acquire information on the different and essential fuel
sources in our lives today, including biodiesel.

e  Future research on these fuel sources might include resources such as artificial intelli-
gence, big data, and technical expertise for the best results.

e Itinfluences the protection and conservation of the climate by controlling the emission
of harmful chemicals from conventional fuels.

e It enhances the production of renewable fuel for sustainable development and main-
taining atmospheric emissions.
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e Advanced production of mass quantities of biodiesel as a bio-fuel helps to initiate
a shift in the trend towards the utilization of innovative energy production, smart
energy generation, and smart energy utilization.

e  Respiratory syndromes or issues are highlighted to highlight the harms on human life
due to excessive usage of fuels that can be controlled by different means such as reduc-
ing the transportation pressure in urban areas, facilitating urbanization, controlling
fuel emissions, etc.

e It will add to the apex of low-carbon transport using biodiesel, which encourages
further research on alternative sources for biodiesel production.

e  The futuristic significance of the present work includes the human health aspects
of using biodiesel, which is also causing a few issues that can be minimized using
advanced research techniques and technologies.

e It covers the gap in the past literature to elaborate on the significance of vegetable
and organic components based on biodiesel that can encourage research on gaining a
higher biomass yield per acre to make it more profitable.

e  Future research should focus on the full characterization of biodiesel combustion
products and the specific mechanisms of interactions of these emissions in connection
with the observed inflammatory responses and poor clearance to further understand
the negative effects of biodiesel usage on human health.

There is no doubt that there is a link between biodiesel exposure and human health,
but most of the data is unavailable between emissions and human health effects. These
biodiesel studies are absent from most of the literature; hence, many see this as “green,”
i.e.,, more friendly than other alternate types of diesel.

Author Contributions: A.A. designed this study; A.A. and LM.R.F. performed the literature survey
and wrote the paper; M.L].,, M.A.L and M.S.I. reviewed and edited the paper; Y.G., TM.ILM. and
M.S.I. supervised this study and revised the manuscript; Y.G., LM.R.F, TM.LLM. and M.S.I. made
intellectual contributions to this study. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Data will be available from the corresponding author upon reason-
able request.

Conflicts of Interest: No conflict of interest associated with this study.

References

1. 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]

2. El Banna, S.; El Deen, O.N. Biodiesel An Alternative Vehicles Fuel; Analytical View. Proceedings of 7th International Conference
of Chemical Engineering, Cairo, Egypt, 27-29 December 2004; pp. 495-522.

3. Sharma, V,; Duraisamy, G. Production and characterization of bio-mix fuel produced from a ternary and quaternary mixture of
raw oil feedstock. J. Clean. Prod. 2019, 221, 271-285. [CrossRef]

4. Baena, LM,; Calderén, J.A. Effects of palm biodiesel and blends of biodiesel with organic acids on metals. Heliyon 2020, 6, €03735.
[CrossRef] [PubMed]

5. Vasistha, S.; Khanra, A.; Clifford, M.; Rai, M.P. Current advances in microalgae harvesting and lipid extraction processes for
improved biodiesel production: A review. Renew. Sustain. Energy Rev. 2021, 137, 110498. [CrossRef]

6.  Krzysztof, B. Biofuels-Status and Perspective; IntechOpen: London, UK, 2015.

7. Eduardo, J.-L.; Leila Queiroz, Z. Frontiers in Bioenergy and Biofuels; IntechOpen: London, UK, 2017.

8.  Kumar, M,; Sun, Y.; Rathour, R.; Pandey, A.; Thakur, 1.S.; Tsang, D.C.W. Algae as potential feedstock for the production of biofuels
and value-added products: Opportunities and challenges. Sci. Total Environ. 2020, 716, 137116. [CrossRef]

9.  Sahar; Sadaf, S.; Igbal, J.; Ullah, I.; Bhatti, H.N.; Nouren, S.; Habib-ur-Rehman; Nisar, ].; Igbal, M. Biodiesel production from
waste cooking oil: An efficient technique to convert waste into biodiesel. Sustain. Cities Soc. 2018, 41, 220-226. [CrossRef]

10. Abomohra, A.E.-F; Almutairi, A.W. A close-loop integrated approach for microalgae cultivation and efficient utilization of
agar-free seaweed residues for enhanced biofuel recovery. Bioresour. Technol. 2020, 317, 124027. [CrossRef]

11.  Aydin, Z.; Safa, A. Performance and emission characteristics of waste frying oil biodiesel blends as pilot fuel on a dual fuel

compression ignition engine. Energy Sources Part A Recovery Util. Environ. Eff. 2020, 15, 273-282. [CrossRef]


http://doi.org/10.1016/j.egyr.2019.10.028
http://doi.org/10.1016/j.jclepro.2019.02.214
http://doi.org/10.1016/j.heliyon.2020.e03735
http://www.ncbi.nlm.nih.gov/pubmed/32395642
http://doi.org/10.1016/j.rser.2020.110498
http://doi.org/10.1016/j.scitotenv.2020.137116
http://doi.org/10.1016/j.scs.2018.05.037
http://doi.org/10.1016/j.biortech.2020.124027
http://doi.org/10.1080/15567036.2020.1839601

Energies 2022, 15, 6854 20 of 24

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hassan, A.; Rehman, A.U.; Shabbir, N.; Hassan, S.R.; Sadiq, M.T.; Arshad, J. Impact of Inertial Response for the Variable Speed
Wind Turbine. In Proceedings of the 2019 International Conference on Engineering and Emerging Technologies (ICEET), Lahore,
Pakistan, 21-22 February 2019; pp. 1-6.

Kumar, C.; Rana, K.B.; Tripathi, B. Effect of ternary fuel blends on performance and emission characteristics of stationary VCR
diesel engine. Energy Sources Part A Recovery Util. Environ. Eff. 2020, 1-20. [CrossRef]

Liaquat, A.M.; Masjuki, H.H.; Kalam, M. A.; Rizwanul Fattah, .M. Impact of biodiesel blend on injector deposit formation. Energy
2014, 72, 813-823. [CrossRef]

Yesilyurt, M.K.; Aydin, M. Experimental investigation on the performance, combustion and exhaust emission characteristics of a
compression-ignition engine fueled with cottonseed oil biodiesel/diethyl ether/diesel fuel blends. Energy Convers. Manag. 2020,
205, 112355. [CrossRef]

Ghosh, S.; Roy, S. Novel integration of biohydrogen production with fungal biodiesel production process. Bioresour. Technol. 2019,
288,121603. [CrossRef] [PubMed]

Rahman, S.M.A.; Rizwanul Fattah, LM.; Ong, H.C.; Zamri, M.EM.A. State-of-the-Art of Strategies to Reduce Exhaust Emissions
from Diesel Engine Vehicles. Energies 2021, 14, 1766. [CrossRef]

Hanaki, K.; Portugal-Pereira, ]. Chapter 6 The Effect of Biofuel Production on Greenhouse Gas Emission Reductions. In Biofuels
and Sustainability: Holistic Perspectives for Policy-Making; Takeuchi, K., Shiroyama, H., Saito, O., Matsuura, M., Eds.; Springer Open:
Tokyo, Japan, 2018; pp. 53-71.

Weltschev, M.; Heming, F.; Haufe, M.; Heyer, M. The influence of the age of biodiesel and heating oil with 10% biodiesel on the
resistance of sealing materials at different temperatures. Mater. Werkst. 2017, 48, 837-845. [CrossRef]

Chum, H.; Faaij, A.; Moreira, ]J.; Berndes, G.; Dhamija, P.; Dong, H.; Gabrielle, B.; Eng, A.G.; Lucht, W.; Mapako, M.; et al.
Bioenergy. In IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation; Edenhofer, O., Pichs-Madruga, R.,
Sokona, Y., Seyboth, K., Matschoss, P., Kadner, S., Zwickel, T., Eickemeier, P, Hansen, S., et al., Eds.; Cambridge University Press:
Cambridge, UK, 2011.

International Agency for Research on Cancer (IARC). IARC: DIESEL ENGINE EXHAUST CARCINOGENIC. Available online:
https:/ /www.iarc.who.int/news-events/iarc-diesel-engine-exhaust-carcinogenic. (accessed on 8 September 2022).

Guidotti, T.L. Health Risks and Occupation as a Firefighter. 2014. Available online: https:/ /www.dva.gov.au/sites/default/files/
guidotti_report.pdf. (accessed on 8 September 2022).

Estevez, R.; Aguado-Deblas, L.; Lépez-Tenllado, EJ.; Luna, C.; Calero, J.; Romero, A.A.; Bautista, EM.; Luna, D. Biodiesel Is Dead:
Long Life to Advanced Biofuels-A Comprehensive Critical Review. Energies 2022, 15, 3173. [CrossRef]

Naeini, M.A.; Zandieh, M.; Najafi, S.E.; Sajadi, S.M. Analyzing the development of the third-generation biodiesel production
from microalgae by a novel hybrid decision-making method: The case of Iran. Energy 2020, 195, 116895. [CrossRef]
Aguilar-Garnica, E.; Garcia-Sandoval, J.P.; Dochain, D. Monitoring of a biodiesel production process via reset observer. J. Process
Control 2016, 42, 104-113. [CrossRef]

Purkait, A.; Hazra, D.K. Biodiesel as a carrier for pesticide formulations: A green chemistry approach. Int. J. Pest Manag. 2020, 66,
341-350. [CrossRef]

Banerjee, S.; Chandra Mandal, N. Chapter 13-Fungal Bioagents in the Remediation of Degraded Soils. In Microbial Services in
Restoration Ecology; Singh, J.S., Vimal, S.R., Eds.; Elsevier: Amsterdam, The Netherlands, 2020; pp. 191-205. [CrossRef]

Allam, RJ.; Fetvedst, ].E.; Forrest, B.A.; Freed, D.A. The Oxy-Fuel, Supercritical CO2 Allam Cycle: New Cycle Developments to
Produce Even Lower-Cost Electricity From Fossil Fuels Without Atmospheric Emissions. In Proceedings of the ASME Turbo
Expo 2014: Turbine Technical Conference and Exposition, Diisseldorf, Germany, 16-20 June 2014.

Yadav, S.; Chakrabarti, S.S.; Bose, P. A Systematic Approach in Power Plant Performance Improvement Through Exergy Analysis.
Int. ]. Energy A Clean Environ. 2021, 22, 1-33. [CrossRef]

Mustapha, W.E; Kirkerud, J.G.; Bolkesjo, T.F,; Tremborg, E. Large-scale forest-based biofuels production: Impacts on the Nordic
energy sector. Energy Convers. Manag. 2019, 187, 93-102. [CrossRef]

Ndiaye, M.; Arhaliass, A.; Legrand, J.; Roelens, G.; Kerihuel, A. Reuse of waste animal fat in biodiesel: Biorefining heavily-
degraded contaminant-rich waste animal fat and formulation as diesel fuel additive. Renew Energy 2020, 145, 1073-1079.
[CrossRef]

Hazrat, M.A; Rasul, M.G.; Khan, M.M.K,; Ashwath, N.; Fattah, LM.R.; Ong, H.C.; Mahlia, TM.I. Biodiesel production from
transesterification of Australian Brassica napus L. oil: Optimisation and reaction kinetic model development. Environ. Dev.
Sustain. 2022, 1-26. [CrossRef]

Hariram, V.; John, J.G.; Seralathan, S. Spectrometric analysis of algal biodiesel as a fuel derived through base-catalysed transester-
ification. Int. |. Ambient Energy 2019, 40, 195-202. [CrossRef]

Aranda, D.A.G.; Santos, R.T.P.; Tapanes, N.C.O.; Ramos, A.L.D.; Antunes, O.A.C. Acid-Catalyzed Homogeneous Esterification
Reaction for Biodiesel Production from Palm Fatty Acids. Catal. Lett. 2008, 122, 20-25. [CrossRef]

Loures, C.C.A.; Amaral, M.S.; Da Rds, P.C.M.; Zorn, SSM.EE.; de Castro, H.E,; Silva, M.B. Simultaneous esterification and
transesterification of microbial oil from Chlorella minutissima by acid catalysis route: A comparison between homogeneous and
heterogeneous catalysts. Fuel 2018, 211, 261-268. [CrossRef]

Vakros, J. Biochars and Their Use as Transesterification Catalysts for Biodiesel Production: A Short Review. Catalysts 2018, 8, 562.
[CrossRef]


http://doi.org/10.1080/15567036.2020.1785591
http://doi.org/10.1016/j.energy.2014.06.006
http://doi.org/10.1016/j.enconman.2019.112355
http://doi.org/10.1016/j.biortech.2019.121603
http://www.ncbi.nlm.nih.gov/pubmed/31176938
http://doi.org/10.3390/en14061766
http://doi.org/10.1002/mawe.201700058
https://www.iarc.who.int/news-events/iarc-diesel-engine-exhaust-carcinogenic.
https://www.dva.gov.au/sites/default/files/guidotti_report.pdf.
https://www.dva.gov.au/sites/default/files/guidotti_report.pdf.
http://doi.org/10.3390/en15093173
http://doi.org/10.1016/j.energy.2020.116895
http://doi.org/10.1016/j.jprocont.2016.04.001
http://doi.org/10.1080/09670874.2019.1649740
http://doi.org/10.1016/B978-0-12-819978-7.00013-0
http://doi.org/10.1615/InterJEnerCleanEnv.2021034956
http://doi.org/10.1016/j.enconman.2019.03.016
http://doi.org/10.1016/j.renene.2019.06.030
http://doi.org/10.1007/s10668-022-02506-0
http://doi.org/10.1080/01430750.2017.1381153
http://doi.org/10.1007/s10562-007-9318-z
http://doi.org/10.1016/j.fuel.2017.09.073
http://doi.org/10.3390/catal8110562

Energies 2022, 15, 6854 21 of 24

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.

62.

63.

64.

Rahman, S.M.A; Fattah, LM.R.; Maitra, S.; Mahlia, TM.I. A ranking scheme for biodiesel underpinned by critical physicochemical
properties. Energy Convers. Manag. 2021, 229, 113742. [CrossRef]

Salaheldeen, M.; Mariod, A.A.; Aroua, M.K,; Rahman, S.M.A.; Soudagar, M.E.M.; Fattah, LM.R. Current State and Perspectives on
Transesterification of Triglycerides for Biodiesel Production. Catalysts 2021, 11, 1121. [CrossRef]

Thangaraj, B.; Solomon, P.R.; Muniyandi, B.; Ranganathan, S.; Lin, L. Catalysis in biodiesel production—A review. Clean Energy
2018, 3, 2-23. [CrossRef]

Al-Saadi, A.; Mathan, B.; He, Y. Biodiesel production via simultaneous transesterification and esterification reactions over
SrO-ZnO/Al203 as a bifunctional catalyst using high acidic waste cooking oil. Chem. Eng. Res. Des. 2020, 162, 238-248.
[CrossRef]

Fattah, LM.R,; Ong, H.C.; Mahlia, TM.L; Mofijur, M.; Silitonga, A.S.; Rahman, S.M.A.; Ahmad, A. State of the Art of Catalysts for
Biodiesel Production. Front. Energy Res. 2020, 8, 101. [CrossRef]

Jafari, A.; Esmaeilzadeh, F.; Mowla, D.; Sadatshojaei, E.; Heidari, S.; Wood, D.A. New insights to direct conversion of wet
microalgae impregnated with ethanol to biodiesel exploiting extraction with supercritical carbon dioxide. Fuel 2021, 285, 119199.
[CrossRef]

Madhugiri, N.-R.; Jaya, R.S. Advances in Biofuels and Bioenergy; IntechOpen: London, UK, 2018. [CrossRef]

Dutton, J.A. The Reaction of Biodiesel: Transesterification. In E-Education; The Pennsylvania State University: State College, PA,
USA, 2020.

Changmai, B.; Vanlalveni, C.; Ingle, A.P,; Bhagat, R.; Rokhum, S.L. Widely used catalysts in biodiesel production: A review. RSC
Adv. 2020, 10, 41625-41679. [CrossRef] [PubMed]

Vasi¢, K.; Hojnik Podrepsek, G.; Knez, Z.; Leitgeb, M. Biodiesel Production Using Solid Acid Catalysts Based on Metal Oxides.
Catalysts 2020, 10, 237. [CrossRef]

Vasié¢, V.M.; Séiban, M.B.; Kuki¢, D.V.; Prodanovi, J.M.; Maravi¢, N.R. Sequential micro and ultrafiltration of distillery wastewater.
Acta Period. Technol. 2015, 2015, 177-183. [CrossRef]

Pitt, F.D.; Domingos, A.M.; Barros, A.A.C. Purification of residual glycerol recovered from biodiesel production. S. Afr. J. Chem.
Eng. 2019, 29, 42-51. [CrossRef]

Gerpen, ].V. Biodiesel processing and production. Fuel Processing Technol. 2005, 86, 1097-1107. [CrossRef]

Baésso, R.M.; Costa-Felix, R.P.B.; Miloro, P.; Zeqiri, B. Ultrasonic parameter measurement as a means of assessing the quality of
biodiesel production. Fuel 2019, 241, 155-163. [CrossRef]

Okumus, F,; Kokkiiliink, G.; Kaya, C.; Aydin, Z. Thermodynamic Assessment of Water Diesel Emulsified Fuel Usage in a Single
Cylinder Diesel Engine. Energy Sources Part A Recovery Util. Environ. Eff. 2021, 1-14. [CrossRef]

Konur, O. Biodiesel Fuels Based on Edible and Nonedible Feedstocks, Wastes, and Algae, 1st ed.; CRC Press: Boca Raton, FL, USA, 2021.
Wozniak-Karczewska, M.; Lisiecki, P.; Biatas, W.; Owsianiak, M.; Piotrowska-Cyplik, A.; Wolko, L.; Lawniczak, L.; Heipieper,
H.J.; Gutierrez, T.; Chrzanowski, L. Effect of bioaugmentation on long-term biodegradation of diesel/biodiesel blends in soil
microcosms. Sci. Total Environ. 2019, 671, 948-958. [CrossRef]

Bitire, 5.0.; Jen, T.-C. Performance and emission analysis of a CI engine fueled with parsley biodiesel-diesel blend. Mater. Renew.
Sustain. Enerqy 2022, 11, 143-153. [CrossRef] [PubMed]

Estevez, R.; Aguado-Deblas, L.; Bautista, EM.; Luna, D.; Luna, C.; Calero, J.; Posadillo, A.; Romero, A.A. Biodiesel at the
Crossroads: A Critical Review. Catalysts 2019, 9, 1033. [CrossRef]

Abed, K.A.; Gad, M.S.; Morsi, A.K.E.; Sayed, M.M.; Elyazeed, S.A. Effect of biodiesel fuels on diesel engine emissions. Egypt. J.
Pet. 2019, 28, 183-188. [CrossRef]

Veza, I; Afzal, A.; Mujtaba, M. A ; Tuan Hoang, A.; Balasubramanian, D.; Sekar, M.; Fattah, LM.R.; Soudagar, M.E.M.; El-Seesy,
AL; Djamari, D.W,; et al. Review of artificial neural networks for gasoline, diesel and homogeneous charge compression ignition
engine. Alex. Eng. ]. 2022, 61, 8363-8391. [CrossRef]

Mondal, M.; Goswami, S.; Ghosh, A.; Oinam, G.; Tiwari, O.N.; Das, P.; Gayen, K.; Mandal, M.K.; Halder, G.N. Production of
biodiesel from microalgae through biological carbon capture: A review. 3 Biotech 2017, 7, 99. [CrossRef]

Abdollahi Asl, M.; Tahvildari, K.; Bigdeli, T. Eco-friendly synthesis of biodiesel from WCO by using electrolysis technique with
graphite electrodes. Fuel 2020, 270, 117582. [CrossRef]

Raud, M; Kikas, T.; Sippula, O.; Shurpali, N.J. Potentials and challenges in lignocellulosic biofuel production technology. Renew.
Sustain. Energy Rev. 2019, 111, 44-56. [CrossRef]

Sanchez Faba, E.M.; Ferrero, G.O.; Dias, ].M.; Eimer, G.A. Alternative Raw Materials to Produce Biodiesel through Alkaline
Heterogeneous Catalysis. Catalysts 2019, 9, 690. [CrossRef]

Garcia-Martin, ].F,; Alés-Alvarez, FJ.; Loépez-Barrera, M.d.C.; Martin-Dominguez, I; Alvarez-Mateos, P. Cetane number prediction
of waste cooking oil-derived biodiesel prior to transesterification reaction using near infrared spectroscopy. Fuel 2019, 240, 10-15.
[CrossRef]

Serrano, L.M.V,; da Silva, M.G. Study About Nitrogen Oxide Emissions and Fuel Consumption in Diesel Engines Fueled with B20.
In Biofuels-State of Development; Biernat, K., Ed.; IntechOpen: London, UK, 2018.

Sharma, A.; Kumar, P. Quantification of air pollution exposure to in-pram babies and mitigation strategies. Environ. Int. 2020,
139, 05671. [CrossRef]


http://doi.org/10.1016/j.enconman.2020.113742
http://doi.org/10.3390/catal11091121
http://doi.org/10.1093/ce/zky020
http://doi.org/10.1016/j.cherd.2020.08.018
http://doi.org/10.3389/fenrg.2020.00101
http://doi.org/10.1016/j.fuel.2020.119199
http://doi.org/10.5772/intechopen.70022
http://doi.org/10.1039/D0RA07931F
http://www.ncbi.nlm.nih.gov/pubmed/35516564
http://doi.org/10.3390/catal10020237
http://doi.org/10.2298/APT1546177V
http://doi.org/10.1016/j.sajce.2019.06.001
http://doi.org/10.1016/j.fuproc.2004.11.005
http://doi.org/10.1016/j.fuel.2018.12.032
http://doi.org/10.1080/15567036.2021.1900458
http://doi.org/10.1016/j.scitotenv.2019.03.431
http://doi.org/10.1007/s40243-022-00213-4
http://www.ncbi.nlm.nih.gov/pubmed/35892085
http://doi.org/10.3390/catal9121033
http://doi.org/10.1016/j.ejpe.2019.03.001
http://doi.org/10.1016/j.aej.2022.01.072
http://doi.org/10.1007/s13205-017-0727-4
http://doi.org/10.1016/j.fuel.2020.117582
http://doi.org/10.1016/j.rser.2019.05.020
http://doi.org/10.3390/catal9080690
http://doi.org/10.1016/j.fuel.2018.11.142
http://doi.org/10.1016/j.envint.2020.105671

Energies 2022, 15, 6854 22 of 24

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.

Serra, A.; Artal, R.; Garcia-Amords, J.; Gomez, E.; Philippe, L. Circular zero-residue process using microalgae for efficient water
decontamination, biofuel production, and carbon dioxide fixation. Chem. Eng. J. 2020, 388, 124278. [CrossRef]

Staehelin, J.; Harris, N.R.P.; Appenzeller, C.; Eberhard, J. Ozone trends: A review. Rev. Geophys. 2001, 39, 231-290. [CrossRef]
Kirk-Davidoff, D.B.; Hintsa, E.J.; Anderson, ].G.; Keith, D.W. The effect of climate change on ozone depletion through changes in
stratospheric water vapour. Nature 1999, 402, 399-401. [CrossRef]

Krahl, J.; Baum, K.; Hackbarth, U.; Jeberien, H.E.; Munack, A.; Schiitt, C.; Schroder, O.; Walter, N.; Biinger, J.; Miiller, M.; et al.
Gaseous compounds, ozone precursors, particle number and particle size distributions, and mutagenic effects due to biodiesel.
Trans. ASAE 2001, 44, 179. [CrossRef]

Ashworth, K.; Wild, O.; Hewitt, C.N. Impacts of biofuel cultivation on mortality and crop yields. Nat. Clim. Chang. 2013, 3,
492-496. [CrossRef]

Guenther, A.; Hewitt, C.N.; Erickson, D.; Fall, R.; Geron, C.; Graedel, T.; Harley, P.; Klinger, L.; Lerdau, M.; Mckay, W.A; et al. A
global model of natural volatile organic compound emissions. . Geophys. Res. Atmos. 1995, 100, 8873-8892. [CrossRef]
Hayashi, S.; Yamada, H. NOx emissions in combustion of lean premixed mixtures injected into hot burned gas. Proc. Combust.
Inst. 2000, 28, 2443-2449. [CrossRef]

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

Faulds, J.; Hinz, N.; Coolbaugh, M.; dePolo, C.; Siler, D.; Shevenell, L.; Hammond, W.; Kreemer, C.; Queen, J. Discovering
Geothermal Systems in the Great Basin Region: An Integrated Geologic, Geochemical, and Geophysical Approach for Establishing
Geothermal Play Fairways. In Proceedings of the 41st Workshop on Geothermal Reservoir Engineering Stanford University,
Stanford, CA, USA, 22-24 February 2016.

Sassykova, L.R.; Aubakirov, Y.A,; Sendilvelan, S.; Tashmukhambetova, Z. K.; Faizullaeva, M.E.; Bhaskar, K.; Batyrbayeva, A.A;
Ryskaliyeva, R.G.; Tyussyupova, B.B.; Zhakupova, A.A.; et al. The Main Components of Vehicle Exhaust Gases and Their Effective
Catalytic Neutralization. Orient. J. Chem. 2019, 35, 110-127. [CrossRef]

Turns, S.R. Introduction to combustion. Concepts and Applications, 3rd ed.; The McGraw-Hill Companies, Inc.: New York, NY, USA,
2012; p. 754.

Zach, ].J. The Chemistry of Flammable Gas Generation. 2000. Available online: https://www.osti.gov /biblio/805379 (accessed
on 12 September 2022).

Imtenan, S.; Varman, M.; Masjuki, H.H.; Kalam, M.A ; Sajjad, H.; Arbab, M.1,; Rizwanul Fattah, .M. Impact of low temperature
combustion attaining strategies on diesel engine emissions for diesel and biodiesels: A review. Energy Convers. Manag. 2014, 80,
329-356. [CrossRef]

Santhoshkumar, A.; Thangarasu, V.; Anand, R. Chapter 12-Performance, combustion, and emission characteristics of DI diesel
engine using mahua biodiesel. In Advanced Biofuels; Azad, A K., Rasul, M., Eds.; Woodhead Publishing: Sawston, UK, 2019;
pp. 291-327. [CrossRef]

Guo, K;; Guan, Q.; Xu, J.; Tan, W. Mechanism of Preparation of Platform Compounds from Lignocellulosic Biomass Liquefaction
Catalyzed by Bronsted Acid: A Review. J. Bioresour. Bioprod. 2019, 4, 202-213. [CrossRef]

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

Pullen, J.; Saeed, K. Factors affecting biodiesel engine performance and exhaust emissions—Part I: Review. Energy 2014, 72, 1-16.
[CrossRef]

Oluwoye, I; Altarawneh, M.; Gore, J.; Dlugogorski, B.Z. Products of incomplete combustion from biomass reburning. Fuel 2020,
274,117805. [CrossRef]

United Fire Fighters Union of South Australia. Diesel Particulates. Available online: https://www.ufusa.com.au/diesel-
particulates/ (accessed on 4 September 2022).

Thoai, D.N.; Kumar, A.; Prasertsit, K.; Tongurai, C. Evaluation of Biodiesel Production Process by the Determining of the Total
Glycerol Content in Biodiesel. Energy Procedia 2017, 138, 544-551. [CrossRef]

Ghosh, S.; Dutta, D. Performance And Exhaust Emission Analysis Of Direct Injection Diesel Engine Using Pongamia Oil. Int. ].
Emerg. Technol. Adv. Eng. 2012, 2, 341-346.

Gromadziniska, J.; Wasowicz, W. Health risk in road transport workers. Part I. Occupational exposure to chemicals, biomarkers of
effect. Int. . Occup. Med. Environ. Health 2019, 32, 267-280. [CrossRef]

Singh, B.P.; Kumar, K.; Jain, V.K. Source identification and health risk assessment associated with particulate- and gaseous-phase
PAHs at residential sites in Delhi, India. Air Qual. Atmos. Health 2021, 14, 1505-1521. [CrossRef]

Belgiorno, G.; Boscolo, A.; Dileo, G.; Numidi, F; Pesce, F.C.; Vassallo, A.; Ianniello, R.; Beatrice, C.; Di Blasio, G. Experimental
Study of Additive-Manufacturing-Enabled Innovative Diesel Combustion Bowl Features for Achieving Ultra-Low Emissions and
High Efficiency. SAE Int. |. Adv. Curr. Pract. Mobil. 2020, 3, 672-684. [CrossRef]

Borawski, P; Betdycka-Bérawska, A.; Szymariska, E.J.; Jankowski, K.J.; Dubis, B.; Dunn, ].W. Development of renewable energy
sources market and biofuels in The European Union. J. Clean. Prod. 2019, 228, 467-484. [CrossRef]

Agarwal, A K.; Gupta, T.; Kothari, A. Particulate emissions from biodiesel vs diesel fuelled compression ignition engine. Renew.
Sustain. Energy Rev. 2011, 15, 3278-3300. [CrossRef]


http://doi.org/10.1016/j.cej.2020.124278
http://doi.org/10.1029/1999RG000059
http://doi.org/10.1038/46521
http://doi.org/10.13031/2013.4675
http://doi.org/10.1038/nclimate1788
http://doi.org/10.1029/94JD02950
http://doi.org/10.1016/S0082-0784(00)80658-X
http://doi.org/10.1016/j.fuproc.2011.12.036
http://doi.org/10.13005/ojc/350112
https://www.osti.gov/biblio/805379
http://doi.org/10.1016/j.enconman.2014.01.020
http://doi.org/10.1016/B978-0-08-102791-2.00012-X
http://doi.org/10.12162/jbb.v4i4.009
http://doi.org/10.1111/j.1440-1843.2011.02109.x
http://www.ncbi.nlm.nih.gov/pubmed/22126432
http://doi.org/10.1016/j.energy.2014.04.015
http://doi.org/10.1016/j.fuel.2020.117805
https://www.ufusa.com.au/diesel-particulates/
https://www.ufusa.com.au/diesel-particulates/
http://doi.org/10.1016/j.egypro.2017.10.157
http://doi.org/10.13075/ijomeh.1896.01343
http://doi.org/10.1007/s11869-021-01035-5
http://doi.org/10.4271/2020-37-0003
http://doi.org/10.1016/j.jclepro.2019.04.242
http://doi.org/10.1016/j.rser.2011.04.002

Energies 2022, 15, 6854 23 of 24

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Spada, N.J. Comparison of elemental and organic carbon measurements between IMPROVE and CSN before and after method
transitions. Atmos. Environ. 2018, 178, 173-180. [CrossRef]

Palash, S.M. Impacts of biodiesel combustion on NOx emissions and their reduction approaches. Renew. Sustain. Energy Rev.
2013, 23, 473-490. [CrossRef]

Biinger, J.; Krahl, J.; Baum, K.; Schréder, O.; Miiller, M.; Westphal, G.; Ruhnau, P; Schulz, T.G.; Hallier, E. Cytotoxic and mutagenic
effects, particle size and concentration analysis of diesel engine emissions using biodiesel and petrol diesel as fuel. Arch. Toxicol.
2000, 74, 490-498. [CrossRef] [PubMed]

Haggag, E.S.A.; Abdelsamad, A.A.; Masoud, A.M. Potentiality of uranium extraction from acidic leach liquor by polyacrylamide-
acrylic acid titanium silicate composite adsorbent. Int. J. Environ. Anal. Chem. 2020, 100, 204—224. [CrossRef]

Wang, C.-Y.; Zhu, A.-Y;; Liao, X.; Manga, M.; Wang, L.-P. Capillary Effects on Groundwater Response to Earth Tides. Water Resour.
Res. 2019, 55, 6886-6895. [CrossRef]

Hall, A.H.; Mathieu, L.; Maibach, H.I. Acute chemical skin injuries in the United States: A review. Crit. Rev. Toxicol. 2018, 48,
540-554. [CrossRef]

Sharma, H.K.; Xu, C.; Qin, W. Biological Pretreatment of Lignocellulosic Biomass for Biofuels and Bioproducts: An Overview.
Waste Biomass Valorization 2019, 10, 235-251. [CrossRef]

Singh, N.; Singh, S.; Mall, R.K. Chapter 17-Urban ecology and human health: Implications of urban heat island, air pollution
and climate change nexus. In Urban Ecology; Verma, P, Singh, P., Singh, R., Raghubanshi, A.S., Eds.; Elsevier: Amsterdam, The
Netherlands, 2020; pp. 317-334. [CrossRef]

Botti, R.F; Innocentini, M.D.M.; Faleiros, T.A.; Mello, M.E,; Flumignan, D.L.; Santos, L.K.; Franchin, G.; Colombo, P. Biodiesel
Processing Using Sodium and Potassium Geopolymer Powders as Heterogeneous Catalysts. Molecules 2020, 25, 2839. [CrossRef]
Azadbakht, M.; Safieddin Ardebili, S.M.; Rahmani, M. Potential for the production of biofuels from agricultural waste, livestock,
and slaughterhouse waste in Golestan province, Iran. Biomass Convers. Biorefinery 2021. [CrossRef]

Hedayati, M.; Brock, PM.; Nachimuthu, G.; Schwenke, G. Farm-level strategies to reduce the life cycle greenhouse gas emissions
of cotton production: An Australian perspective. J. Clean. Prod. 2019, 212, 974-985. [CrossRef]

Pathak, D.; Whitehead, P.G.; Futter, M.N.; Sinha, R. Water quality assessment and catchment-scale nutrient flux modeling in
the Ramganga River Basin in north India: An application of INCA model. Sci. Total Environ. 2018, 631-632, 201-215. [CrossRef]
[PubMed]

Osorio-Gonzalez, C.S.; Gomez-Falcon, N.; Sandoval-Salas, F.; Saini, R.; Brar, S.K.; Ramirez, A.A. Production of Biodiesel from
Castor Oil: A Review. Energies 2020, 13, 2467. [CrossRef]

Leikauf, G.D.; Kim, S.H.; Jang, A.S. Mechanisms of ultrafine particle-induced respiratory health effects. Exp. Mol. Med. 2020, 52,
329-337. [CrossRef] [PubMed]

Kowalska, M.; Wegierek-Ciuk, A.; Brzoska, K.; Wojewodzka, M.; Meczynska-Wielgosz, S.; Gromadzka-Ostrowska, J.; Mruk,
R.; Ovrevik, ].; Kruszewski, M.; Lankoff, A. Genotoxic potential of diesel exhaust particles from the combustion of first- and
second-generation biodiesel fuels-the FuelHealth project. Environ. Sci. Pollut. Res. 2017, 24, 24223-24234. [CrossRef] [PubMed]
Lankoff, A.; Brzoska, K.; Czarnocka, J.; Kowalska, M.; Lisowska, H.; Mruk, R.; OQvrevik, J.; Wegierek-Ciuk, A.; Zuberek, M.;
Kruszewski, M. A comparative analysis of in vitro toxicity of diesel exhaust particles from combustion of 1st- and 2nd-generation
biodiesel fuels in relation to their physicochemical properties—the FuelHealth project. Environ. Sci. Pollut. Res. 2017, 24,
19357-19374. [CrossRef] [PubMed]

McConnell, R.; Berhane, K; Gilliland, F; London, S.J.; Vora, H.; Avol, E.; Gauderman, W.J.; Margolis, H.G.; Lurmann, F; Thomas,
D.C,; et al. Air pollution and bronchitic symptoms in Southern California children with asthma. Environ. Health Perspect. 1999,
107, 757-760. [CrossRef]

Santos, U.P,; Arbex, M.A; Braga, A.L.F.; Mizutani, R.E; Cangado, ].E.D.; Terra-Filho, M.; Chatkin, ]. M. Environmental air pollution:
Respiratory effects. J. Bras. Pneumol. 2021, 47, €20200267. [CrossRef]

Liu, Y;; Pan, J.; Zhang, H.; Shi, C.; Li, G.; Peng, Z.; Ma, ].; Zhou, Y.; Zhang, L. Short-Term Exposure to Ambient Air Pollution and
Asthma Mortality. Am. J. Respir. Crit. Care Med. 2019, 200, 24-32. [CrossRef]

Bowatte, G.; Erbas, B.; Lodge, C.J.; Knibbs, L.D.; Gurrin, L.C.; Marks, G.B.; Thomas, P.S.; Johns, D.P; Giles, G.G.; Hui, J.; et al.
Traffic-related air pollution exposure over a 5-year period is associated with increased risk of asthma and poor lung function in
middle age. Eur. Respir. ]. 2017, 50, 1602357. [CrossRef]

Duan, Y.; Pandey, A.; Zhang, Z.; Awasthi, M.K.; Bhatia, S.K.; Taherzadeh, M.]J. Organic solid waste biorefinery: Sustainable
strategy for emerging circular bioeconomy in China. Ind. Crops Prod. 2020, 153, 112568. [CrossRef]

Kang, C.M,; Jang, A.S.; Ahn, M.H.; Shin, J.A.; Kim, ].H.; Choi, Y.S.; Rhim, T.Y.; Park, C.S. Interleukin-25 and interleukin-13
production by alveolar macrophages in response to particles. Am. J. Respir. Cell Mol. Biol 2005, 33, 290-296. [CrossRef] [PubMed]
Jeswani, H.K.; Chilvers, A.; Azapagic, A. Environmental sustainability of biofuels: A review. Proc. R. Soc. A 2020, 476, 20200351.
[CrossRef] [PubMed]

Curtis, J.; Metheny, E.; Sergent, S.R. Hydrocarbon Toxicity. In StatPearls; StatPearls Publishing: Tampa, FL, USA, 2022. Available
online: https://www.ncbi.nlm.nih.gov/books/NBK499883/ (accessed on 16 September 2022).

Nauss, K. Diesel Exhaust: A Critical Analysis of Emissions, Exposure, and Health Effects. Available online: https://dieselnet.
com/papers/9710nauss.html (accessed on 8 September 2022).


http://doi.org/10.1016/j.atmosenv.2018.01.043
http://doi.org/10.1016/j.rser.2013.03.003
http://doi.org/10.1007/s002040000155
http://www.ncbi.nlm.nih.gov/pubmed/11097388
http://doi.org/10.1080/03067319.2019.1636037
http://doi.org/10.1029/2019WR025166
http://doi.org/10.1080/10408444.2018.1493085
http://doi.org/10.1007/s12649-017-0059-y
http://doi.org/10.1016/B978-0-12-820730-7.00017-3
http://doi.org/10.3390/molecules25122839
http://doi.org/10.1007/s13399-021-01308-0
http://doi.org/10.1016/j.jclepro.2018.11.190
http://doi.org/10.1016/j.scitotenv.2018.03.022
http://www.ncbi.nlm.nih.gov/pubmed/29524896
http://doi.org/10.3390/en13102467
http://doi.org/10.1038/s12276-020-0394-0
http://www.ncbi.nlm.nih.gov/pubmed/32203100
http://doi.org/10.1007/s11356-017-9995-0
http://www.ncbi.nlm.nih.gov/pubmed/28889235
http://doi.org/10.1007/s11356-017-9561-9
http://www.ncbi.nlm.nih.gov/pubmed/28674953
http://doi.org/10.1289/ehp.99107757
http://doi.org/10.36416/1806-3756/e20200267
http://doi.org/10.1164/rccm.201810-1823OC
http://doi.org/10.1183/13993003.02357-2016
http://doi.org/10.1016/j.indcrop.2020.112568
http://doi.org/10.1165/rcmb.2005-0003OC
http://www.ncbi.nlm.nih.gov/pubmed/15961726
http://doi.org/10.1098/rspa.2020.0351
http://www.ncbi.nlm.nih.gov/pubmed/33363439
https://www.ncbi.nlm.nih.gov/books/NBK499883/
https://dieselnet.com/papers/9710nauss.html
https://dieselnet.com/papers/9710nauss.html

Energies 2022, 15, 6854 24 of 24

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Yanamala, N.; Hatfield, M.K.; Farcas, M.T.; Schwegler-Berry, D.; Hummer, J.A.; Shurin, M.R.; Birch, M.E.; Gutkin, D.W.; Kisin,
E.; Kagan, V.E,; et al. Biodiesel versus diesel exposure: Enhanced pulmonary inflammation, oxidative stress, and differential
morphological changes in the mouse lung. Toxicol. Appl. Pharmacol. 2013, 272, 373-383. [CrossRef] [PubMed]

Srivastava, R K.; Shetti, N.P.; Reddy, K.R.; Kwon, E.E.; Nadagouda, M.N.; Aminabhavi, T.M. Biomass utilization and production
of biofuels from carbon neutral materials. Environ. Pollut. 2021, 276, 116731. [CrossRef]

Skogstad, G.; Wilder, M. Strangers at the gate: The role of multidimensional ideas, policy anomalies and institutional gatekeepers
in biofuel policy developments in the USA and European Union. Policy Sci. 2019, 52, 343-366. [CrossRef]

Gupta, PK. Fate, Transport, and Bioremediation of Biodiesel and Blended Biodiesel in Subsurface Environment: A Review.
J. Environ. Eng. 2020, 146, 03119001. [CrossRef]

Pikula, K.S.; Zakharenko, A.M.; Chaika, V.V.; Stratidakis, A.K.; Kokkinakis, M.; Waissi, G.; Rakitskii, V.N.; Sarigiannis, D.A.;
Hayes, A.W.; Coleman, M.D.; et al. Toxicity bioassay of waste cooking oil-based biodiesel on marine microalgae. Toxicol. Rep.
2019, 6, 111-117. [CrossRef]

Manigandan, S.; Gunasekar, P.; Devipriya, J.; Nithya, S. Emission and injection characteristics of corn biodiesel blends in diesel
engine. Fuel 2019, 235, 723-735. [CrossRef]

Antar, M.; Lyu, D.; Nazari, M.; Shah, A.; Zhou, X.; Smith, D.L. Biomass for a sustainable bioeconomy: An overview of world
biomass production and utilization. Renew. Sustain. Energy Rev. 2021, 139, 110691. [CrossRef]

Simon, H.; Fallmann, J.; Kropp, T.; Tost, H.; Bruse, M. Urban Trees and Their Impact on Local Ozone Concentration—A
Microclimate Modeling Study. Atmosphere 2019, 10, 154. [CrossRef]

Godri Pollitt, K.J.; Chhan, D.; Rais, K.; Pan, K.; Wallace, J.S. Biodiesel fuels: A greener diesel? A review from a health perspective.
Sci. Total Environ. 2019, 688, 1036-1055. [CrossRef] [PubMed]

Mullins, B.J.; Kicic, A.; Ling, K.-M.; Mead-Hunter, R.; Larcombe, A.N. Biodiesel exhaust-induced cytotoxicity and proinflamma-
tory mediator production in human airway epithelial cells. Environ. Toxicol. 2016, 31, 44-57. [CrossRef] [PubMed]

Obula Reddy, C.; Reddy, Y.S.; Subhadra, M.; Rajagopal, K. Effect of long—term storage on the fatty-acid profile of biodiesel and
its impact on key ultrasonic properties of biodiesels and blends. Energy Sources Part A Recovery Util. Environ. Eff. 2020, 1-20.
[CrossRef]

Chozhavendhan, S.; Karthiga Devi, G.; Bharathiraja, B.; Praveen Kumar, R.; Elavazhagan, S. 9-Assessment of crude glycerol
utilization for sustainable development of biorefineries. In Refining Biomass Residues for Sustainable Energy and Bioproducts; Kumar,
R.P,, Gnansounou, E., Raman, J.K., Baskar, G., Eds.; Academic Press: Cambridge, MA, USA, 2020; pp. 195-212. [CrossRef]
Hasan, M.H.; Mahlia, T.M.; Mofijur, M.; Rizwanul Fattah, .M.; Handayani, F.,; Ong, H.C,; Silitonga, A.S. A Comprehensive
Review on the Recent Development of Ammonia as a Renewable Energy Carrier. Energies 2021, 14, 3732. [CrossRef]

Hassan, A.B.; Ayodeji, O.V. Benefits and challenges of biodiesel production in West Africa. Niger. J. Technol. 2019, 38, 621-627.
[CrossRef]


http://doi.org/10.1016/j.taap.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23886933
http://doi.org/10.1016/j.envpol.2021.116731
http://doi.org/10.1007/s11077-019-09351-5
http://doi.org/10.1061/(ASCE)EE.1943-7870.0001619
http://doi.org/10.1016/j.toxrep.2018.12.007
http://doi.org/10.1016/j.fuel.2018.08.071
http://doi.org/10.1016/j.rser.2020.110691
http://doi.org/10.3390/atmos10030154
http://doi.org/10.1016/j.scitotenv.2019.06.002
http://www.ncbi.nlm.nih.gov/pubmed/31726536
http://doi.org/10.1002/tox.22020
http://www.ncbi.nlm.nih.gov/pubmed/25045158
http://doi.org/10.1080/15567036.2020.1817193
http://doi.org/10.1016/B978-0-12-818996-2.00009-0
http://doi.org/10.3390/en14133732
http://doi.org/10.4314/njt.v38i3.12

	Introduction 
	Biodiesel as a Renewable Energy Source 
	Biodiesel Production 
	Production Process Considerations 

	Emission from Biodiesel Production and Combustion 
	Biodiesel Gaseous Emissions 
	Carbon Dioxide 
	Ozone (O3) 
	Nitrogen Oxides (NOx) 
	Carbon Monoxide (CO) 
	Sulphur Dioxide (SO2) 
	Hydrocarbon (HC) 

	Biodiesel Solid-Phase Emissions 
	PM Emission 
	Elemental and Organic Carbon 
	Trace Metals 


	Impact of the Biodiesel Combustion Process 
	Gaseous Emission Effect 
	Solid Emission Effect 
	Cultivation and Production Impact on Human Health 
	Biodiesel Combustion Impact on Human 

	Future of the Biodiesel Landscape 
	Conclusions and Future Research Direction 
	References

