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ABSTRACT
If you want to live comfortably you need to have good surroundings. At least all the

basic needs like air, water, food, etc. are the essential elements. We are always selective
when it comes to food. We certainly think of hygiene and end up eating as well as preparing
good food in clean places. Similarly one should have the same attitude towards the
environment. We breathe air, true, but what kind of air? We are not very bothered about its
composition; the only thing we do is go for a weekend outside the city and say we are in
search of fresh air. We then come back and survive for another week. Have we ever thought
of this? We all know that in cities like Mumbai. Delhi, Kolkatta etc. two-third of the air we
breathe is polluted. The cause of this is unwanted effluents emitted by auto vehicles plying
on the roads and the industries. These emissions are very harmful to human beings.

This paper explores the undesirable emissions generated in the combustion process
of  C.I.Engine and other auto vehicles. These emissions pollute the environment and
contribute to global warming, acid rain, smog, odors, and respiratory and other health
problems. The major causes of these emissions are non-stoichiometric combustion,
dissociation of nitrogen and impurities in the fuel and air. The emissions of concern are
hydrocarbons (HC), carbon mono-oxide (CO), oxides of nitrogen   (NO

X
),  sulphur, and solid

carbon particulates. Ideally, engines and fuels could be developed such that very few
harmful emissions are generated and these could be exhausted to the surroundings without
a major impact on the environment. With present technology this is not possible and after
treatment of  the exhaust gases to reduce emissions is very important. This consists mainly
of the use of the thermal or catalytic converters and particulate traps.
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INTRODUCTION
Motor vehicles emit large quantities of

carbon monoxide (CO), hydrocarbons (HC)
nitrogen oxides and toxic substances such as
fine particles and lead as well as contributing
to secondary by products such as ozone.
Reducing vehicular pollution usually requires a
comprehensive strategy encompassing the
following elements :

• Automobile demand management
(incentive to reduce automobile use such

as road tolls, parking restriction area
licensing scheme, mass transit availability,
etc.);

• Inspection and maintenance;
• Advanced vehicle technology; and
• Clean fuels.

Over the course of the past two decades,
there has been an explosive growth in Asian
countries motor vehicle populations. As a result,
serious air pollution exposure problems caused
by vehicle emissions are emerging. The
expansion of industry, increased production,*Author for correspondence
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and increased in the number of motor vehicles
has led to a severe air pollution problem. Diesel
trucks and three wheel vehicles contribute
significantly to air pollution because the vehicle
populations in most of the cities continue to
grow; often at rates exceeding 10 percent per
year future air pollution problems will be even
more serious unless aggressive air control
efforts are undertaken. The quality and
composition of diesel fuel can have important
impacts on pollutions emissions. Diesel
powered is an important part of commercial
vehicle fleets throughout the world. They also
produce large amounts of particulate matters
emissions from unburned fuel and lubricating
oil, and from sulphur in the fuel. Diesel
particulate emissions are very small and thus
have a maximum health impact. Because diesel
combustion produces very high flame
temperatures, high amounts of nitrogen oxides
(NOx) are produced. NOx contributes to
photochemical smoke and, through secondary
atmospheric transformation, to particulate
aerosols. Improved engine design and, very
recently, add on devices such as oxidation
catalyst or particulate filters have achieved
considerable success in reducing particulate
matter emissions. Traps that rely on fuel additive
catalyst such as cerium for semi continuous
regeneration have also being successful in
reducing emissions. How ever even with these
advances, cleaner diesel vehicle particulate
emissions remain much higher than from
comparable gasoline fuel vehicles.

RESULTS AND DISCUSSION
Diesel fuel is a complex mixture of

hydrocarbons composed primarily of paraffin’s
and aromatics, with olefin content amounting
to only a few percent by volume. The
combustibility of a diesel fuel in diesel engines
is characterized by its cetane number, which is
a measure of its ability to undergo compression
ignition under standard test conditions. Fuels
with a higher cetane number more readily ignite
in compression ignition engines. The most

important pollutants of concern from diesel
engines are particulate matter and NOx. A
number of diesel fuel properties have been
linked to emissions of these pollutants from
diesel engines. The constituents of diesel that
are of particular interest are the distillation
curve, density, sulfur, PAHs, and cetane.
Distillation, density and to some extent PAH
control go hand in hand, as diesel with a lower
final boiling point tends to have lower density
and lower PAHs. In addition, studies have been
conducted examining the effects on Diesel
engine emissions as a result of adding
oxygenated compounds to diesel fuels.

The impact of a given change in fuel
composition can be different depending on the
relative emissions level of the engines.
Emissions from engines with high base
emission rates (generally older designs) tend
to be more sensitive to changes in fuel
composition than those from engines with lower
base emissions rates (which tend to be newer
designs). It is important to note that changes in
all of the fuel properties have been found to
have, at most, small impacts on emissions from
engines with low base emission rates. One
exception is that reducing sulfur from 3000 ppm
to 500 ppm gives large reductions in PM
emissions. Further reductions are, however,
necessary to enable advanced technologies,
which can bring about very substantial
reductions in diesel NOx and PM emissions. A
comparison of the impact on heavy duty and
light duty vehicles indicates that there are some
instances where changing a given diesel fuel
property is expected to have the opposite
directional impact on emissions depending on
whether the fuel is being used in a heavy-duty
engine or light-duty vehicle.

Sulfur

Sulfur occurs naturally in crude oil, and
the amount of sulfur in “straight-run” diesel
(diesel obtained from fractionating crude oil
without further processing) is correlated with
the crude sulfur content. Particulate phase



Journal of Environmental Research And Development    Vol. 2 No. 4, April-June 2008

810

sulfate and gaseous sulfur species (SOx) are
emitted in direct proportion to the fuel sulfur
content. The emitted sulfur is associated with
human health effects, deterioration of air
quality, and to acidification of soil and water
(particularly severe in environments with low
soil neutralization capacity). SO2, one fraction
of the Sox, is a criteria pollutant with associated
adverse effects. Further some of the Sox are
also transformed in the atmosphere to sulfate
PM with the associated adverse effects noted
for PM.Diesel PM, which has been found to
be a human carcinogen, consists of three
primary constituents: a carbonaceous core, a
soluble organic fraction (SOF), and a mixture
of Sox and water. Lowering the sulfur in the
fuel lowers the Sox fraction of PM thus
lowering the overall mass of PM emitted. The
EU and North America are planning to move
towards 10 and 15 ppm sulfur limits in diesel,
respectively, during the mid to latter half of this
decade, in order to be able to take advantage
of the advanced diesel emission reduction
technologies that have extremely low tolerance
for sulfur such as NOx and particulate traps
and lean de-NOx catalysts. These devices can
make diesel vehicles as clean as or cleaner than
CNG vehicles.

Diesel emission contains sulfur in
particulate and gaseous form, and thus any
reduction in sulfur has duel advantages. Recent
evaluations show the benefits of reduced sulfur
in diesel fuel for lowering particulate. For
example lowering sulfur level from 2000
particles per million (Ppm) to 500 Ppm reduced
overall particulate from light duty diesels by 2.4
percent, and from heavy-duty diesels 13
percent. The relationship between particulate
and sulfur level was found to be linear, for 100
Ppm reduction in sulfur, there is a 0.16 %
reduction in particulate from light duty vehicles
and 0.87%reduction from heavy-duty vehicles.

Certain precious metal catalyst can
oxidized SO2 to sulfur trioxide SO3, which
combines with water in the exhaust to form

sulphuric acid the rate of conversion with the
catalyst depend on the temperature, presence
of contaminants that is sulfur and oxygen
content of the exhaust, and on the activity of
the catalyst. Generally, catalyst formulation that
are most effective oxidizing SO2. The presence
of sulfur in diesel fuel thus limits the overall
usefulness of emissions catalyst or catalytic trap
oxidizers for reducing environmental impact.
The atmospheric SO2 oxidizes to form
Sulphated particles much the way it does in
the precious metal catalyst. The presence of
catalyst merely speeds up a reaction, which
would occur any way. Aside from its
particulate forming tendencies, SO2 is
recognized as a hazards pollutant in its own
right. The health and welfare effects of SO2
in diesel vehicle emissions are probably much
greater than that of the equal quantity emitted
from a utility stack or industrial boiler, since
motor vehicle exhaust is emitted close to ground
level near roads, buildings, and people.

Options to reduce the sulfur content of
diesel fuel

• In the crude state, increase the proportion
of low sulfur crude oil.

• Reduce the cut point of diesel fractions
from both primary distillation as well as
from the fractionation of secondary
processing streams to 350 to 360

• Improve fractionations efficiency to
eliminate inter-stream overlaps during
fractionations of diesel oil.

• Hydro-treat straight-run diesel and
thermally cracked and or hydrophane;
reduce proportion of FCC oil blended into
final product diesel oil.

• Install hydro crackers that would enable
production of very low sulfur saturated
diesel with high cetane number.

Volatility
Diesel fuel consists of a mixture of

hydrocarbons having different molecular
weights and boiling points. As a result, some

�
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of it boils away on heating, while the reminders
boiling point increases. This fact is use to
characterize the range of hydrocarbon in the
fuel in the form of a distillation curves,
specifying the temperature at which various
percentage of hydrocarbons have boiled away.
A low T10 is associated with a significant
content of relatively volatile hydrocarbon. Fuels
with this characteristic tend to exhibit
somewhat higher HC emissions than others.
A relatively high T90 is considering being
associated with higher particulate emissions.
Generally internal combustion engines,
particularly reciprocating internal combustion
engines, produce moderately high pollution
levels, due to incomplete combustion of
carbonaceous fuel, leading to carbon monoxide
and some soot along with oxides of nitrogen &
sulfur and some unburnt hydrocarbons
depending on the operating conditions and the
fuel/air ratio. The primary causes of this are
the need to operate near the stoichiometric ratio
for petrol engines in order to achieve combustion
(the fuel would burn more completely in excess
air) and the “quench” of the flame by the
relatively cool cylinder walls. Quenching is
commonly observed in diesel (compression
ignition) engines which run on natural gas, when
running at lower speed. It dramatically reduces
the efficiency and increases knocking and might
cause the engine to stall. Diesel engines produce
a wide range of pollutants including aerosols
of many small particles (PM10) that are
believed to penetrate deeply into human lungs.
Engines running on liquefied petroleum gas
(LPG) are very low in emissions as LPG burns
very cleanly and does not contain sulphur or
lead.

• Many fuels contain sulfur leading to sulfur
oxides (Sox) in the exhaust, promoting
acid rain.

• The high temperature of combustion
creates greater proportions of nitrogen
oxides (NOx), demonstrated to be
hazardous to both plant and animal
health.

• Net carbon dioxide production is not a
necessary feature of engines, but since
most engines are run from fossil fuels this
usually occurs. If engines are run from
biomass, then no net carbon dioxide is
produced as the growing plants absorb
as much or more carbon dioxide while
growing.

• Hydrogen engines need only produce
water, but when air is used as the oxidizer
nitrogen oxides are also produced.

Aromatic hydrocarbon content

Aromatic hydrocarbons are hydrocarbon
compounds containing one or more “benzene-
like” ring structures. They are distinguished
from paraffin’s and napthenes, the other major
hydrocarbon constituents of diesel fuel, which
lack such structures. Compared to these other
components, aromatic hydrocarbons are denser,
have poorer self-ignition qualities, and produce
more soot in burning. Ordinarily, “straight run”
diesel fuel produced by simple distillation of
crude oil is fairly low in aromatic hydrocarbons.
Catalytic cracking of residual oil to increase
gasoline and diesel production results in
increased aromatic content, however. A typical
straight run diesel might contain 20 to 25%
aromatics by volume; while a diesel blended
from catalytically cracked stocks could have
40-50% aromatics. Aromatic hydrocarbons
have poor self-ignition qualities, so that diesel
fuels containing a high fraction of aromatics
tend to have low cetane numbers. Typical
cetane values for straight run diesel are in the
range of 50-55; those for highly aromatic diesel
fuels are typically 40 to 45, and may be even
lower. This produces more difficulty in cold
starting, and increased combustion noise, HC,
and NOx due to the increased ignition delay.

Increased aromatic content is also
correlated with higher particulate emissions.
Aromatic hydrocarbons have a greater
tendency to form soot in burning, and the poorer
combustion quality also appears to increase
particulate SOF emissions. Increased aromatic
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content may also be correlated with increased
SOF mutagenicity, possibly due to increased
PNA and nitro-PNA emissions. There is also
some evidence that more highly aromatic fuels
have a greater tendency to form deposits on
fuel injectors and other critical components.
Such deposits can interfere with proper fuel/
air mixing, greatly increasing PM and HC
emissions.
Without emissions controls

Reducing sulfur not only reduces SO2

emissions in diesel vehicles, it can also
significantly reduce particle emissions. In the
oxygen rich exhaust of diesel vehicles several
percent of the SO2 formed during combustion
is oxidized to SO3, which dissolves in the water
vapor present to form sulfuric acid (H2SO4)
vapor. H2SO4 is one of the few substances that
are capable of homogenous nucleation, which,
aside from soot formation, appears to be the
primary mechanism for initiation of ultra fine
particle formation in diesel exhaust, producing
newly formed particles of around 1 nm. Even
though sulfate particles account for only a small
fraction of particle volume or mass, it can
account for a large fraction of particle numbers.
And sulfate nanoparticles provide a relatively
large surface area onto which HC species
condense, resulting in particle growth and
increasing particle toxicity. Even without the
benefit of additional emissions controls,
reducing sulfur levels in diesel fuel leads to
lower total PM emissions and a substantial
decrease in the mutagenicity and toxicity of the
particulate matter formed. A variety of testing
opportunities have supported this conclusion.
Reduction in fuel sulfur levels from 440 to 70
ppm led to a 56% reduction in numbers of
particles emitted from diesel vehicles. In
addition to these primary PM emissions, SO2

emissions can lead to secondary particle
formation, as particles form in the ambient air.
EPA models estimate that over 12% of SO2

emitted in urban areas is converted in the
atmosphere to sulfate PM.

With emission control (diesel oxidation
catalysts)

Although not nearly so widespread as
the TWC in gasoline vehicles, diesel oxidation
catalysts (DOCs) are the most common after
treatment emissions control technology found
in current diesel vehicles. Oxidation catalysts
can increase the oxidation rate of SO2, leading
to dramatic increases in sulfate nanoparticles
emissions. Sulfate conversion also depends on
overall catalyst efficiency, with more efficient
catalysts capable of converting nearly 100%
of the SO2 in the exhaust to sulfate. At high
temperature operation, generated under high
speed or load operating conditions, the DOC
accelerates the oxidation of SO2, increasing the
formation of sulfate particles. A DOC, when
used with higher sulfur fuel, can dramatically
increase emission of the smallest, potentially
most damaging particles. Sulfur also delays the
DOC light off, increasing cold-start emissions.

Diesel particulate filters
The Continuously Regenerating Diesel

Particulate Filter (CR-DPF) and the Catalyzed
Diesel Particulate Filter (CDPF) are two
examples of PM control with passive
regeneration. The CR-DPF and CDPF devices
can achieve 95% efficiency in removal of
carbonaceous PM using 3-ppm sulfur fuel. But
efficiency drops to zero with 150-ppm sulfur
fuel and PM emissions actually more than
double over the baseline with 350 ppm sulfur
fuel. The increase in PM mass with fuel sulfur
comes mostly from water bound to sulfuric
acid. Soot emissions also increase with higher
sulfur fuel but even with the 350-ppm sulfur
fuel DPFs maintain around 50% efficiency for
non-sulfate PM. The systems eventually can
recover to original PM control efficiency with
return to use of low sulfur fuels, but recovery
takes some time due to sulfate storage on the
catalyst. Sulfur also increases the required
temperature for regeneration of the filter to take
place. When going from 3 to 30 ppm sulfur
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fuel, the exhaust temperatures required for
regeneration of both filter types increased by
roughly 25°C. The CDPF required consistently
higher temperatures but held stable above 30
ppm, while the required temperature continued
to increase for the CR-DPF.

With low sulfur fuel use, diesel
particulate filters provide effective control of
particles across the entire particle size
distribution, including the smallest particles that
are considered the most dangerous for human
health. Diesels with particulate filters generate
comparable PM emissions to Compressed
Natural Gas (CNG) vehicles, which are often
promoted as a low emission alternative to diesel.
A vehicle using low sulfur fuel and a DPF may
in fact reduce total PM emissions below a CNG
vehicle. In addition, the elemental carbon, also
known as black carbon, is virtually eliminated
by a DPF. Elemental carbon appears to be
responsible for more than 90% of light
absorption by atmospheric aerosols and has
recently been implicated as a significant factor
in global warming, which highlights the potential
for DPFs, with use of low sulfur fuel, to greatly
reduce the warming impact of diesel vehicles.

In addition, particulate filters provide
effective control of CO and HC emissions,
which is less impacted by fuel sulfur. DPFs
greatly reduce emissions of benzene, polycyclic
aromatic hydrocarbons, alkenes such as 1, 3-
butadiene, and other unregulated but harmful
gaseous pollutants. Measured efficiency for
control of CO was between 90 and 99% and
for HC was between 58 and 82%, resulting in
1 to 2 orders of magnitude lower emissions for
these pollutants than for gasoline and CNG
vehicles.
NOx control systems

Two very different technologies, NOx
Adsorbers and Selective Catalytic Reduction
(SCR) systems, are the prominent alternatives
for further NOx control. NOx adsorbers are
also known as NOx Storage Catalysts or Lean
NOx Traps (LNT). NOx traps very efficiently
store sulfur. SO2 emissions, stored as solid

sulfates, are much more tightly bound to the
substrate and require higher temperatures for
removal. Over a period of time, fuel sulfur, even
at low levels, will fill the capacity of the trap,
causing NOx storage and conversion efficiency
to decline significantly.

The regeneration of the trap and release
of stored sulfur presents an additional technical
hurdle for diesel engines because exhaust
temperatures are lower and less controllable
than in gasoline engines. And turbocharged
diesel engines, in particular, cannot achieve
temperatures required for desulphurization
under urban driving conditions. In addition to
the fuel penalty of increasing the fuel-to-air ratio,
diesel engines have a limited ability to operate
fuel-rich due to unacceptable levels of smoke
and HC emissions, which can result.

Regeneration and desulfation control
logics under transient conditions are the major
technical challenge facing NOx adsorbers.
Optimizing the system for maximum efficiency
and minimum fuel penalty, already a challenge
is complicated further by variability in operation
and durability concerns.

Selective Catalytic Reduction (SCR),
where a solution of urea is injected before the
catalyst, is emerging as the leading NOx
reduction. The engine is tuned for low PM and
high fuel economy. This eliminates the need
for a DPF, due to less stringent PM Standards.,
but increases the NOx emissions above
standards. The regulations can be met with an
SCR system with 65-80% NOx conversion
efficiency. In addition, the fuel economy
benefits, even accounting for the reluctant, can
be as high as 7%.

While high levels of efficiency can be
achieved for mobile sources, SCR use in
vehicles presents several obstacles. With the
variable power required by vehicle systems it
can be difficult to achieve precise dosing of
urea, necessitating use of a downstream
oxidation catalyst to prevent unreacted urea
from being emitted as ammonia, which has
chronic and acute human health impacts. Fuel
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sulfur will increase the PM emissions from the
downstream oxidation catalyst. Sulfur reactions
in urea-based SCR systems can also form
ammonium bi-sulfate, a severe respiratory
irritant
Retrofit technologies

Where low sulfur fuel is available, retrofit
technologies can dramatically reduce emissions
from existing vehicles. Oxidation catalysts and
particulate filters for heavy-duty diesel vehicles
are the most common retrofit technologies.
Recent projects have also included EGR in
combination with a DPF, for simultaneous
control of NOx and PM. While DOCs are less
sensitive to sulfur than particulate filter
technology, increasing fuel sulfur levels do
result in reduced conversion efficiency of the
catalyst and can lead to increased sulfate
formation, resulting in even higher particle
emissions than operation without a catalyst.
DPFs are also an easy and much more effective
retrofit option but require at least low sulfur
fuel use.
Other fuel properties

Other fuel properties may also have an
effect on emissions. Fuel density, for instance,
may affect the mass of fuel injected into the
combustion chamber, and thus the air/fuel ratio.
This is because fuel injection pumps meter fuel
by volume, not by mass, and the denser fuel
contains a greater mass in the same volume.
Fuel viscosity can also affect the fuel injection
characteristics, and thus the mixing rate. The
corrosiveness, cleanliness, and lubricating
properties of the fuel can all affect the service
life of the fuel injection equipment— possibly
contributing to excessive in-use emissions if the
equipment is worn out prematurely.
Fuel additives

Several generic types of diesel fuel
additives can have a significant effect on
emissions. These include cetane enhancers;
smoke suppressants, and detergent additives.
In addition, some additive research has been
directed specifically at emissions reduction in
recent years.

Cetane enhancers are used to enhance
the self-ignition qualities of diesel fuel. These
compounds (generally organic nitrates) are
generally added to reduce the adverse impact
of high aromatic fuels on cold starting and
combustion noise. These compounds also
appear to reduce the aromatic hydrocarbons’
adverse impacts on HC and PM emissions,
although PM emissions with the cetane
improver are generally still somewhat higher
than those from a higher quality fuel able to
attain the same cetane rating without the
additive. In the Dutch study cited earlier, no
significant effect of ash less cetane improving
additives could be detected on NOx or
particulates Smoke suppressing additives are
organic compounds of calcium, barium, or
(sometimes) magnesium. Added to diesel fuel,
these compounds inhibit soot formation during
the combustion process, and thus greatly reduce
emissions of visible smoke. Their effects on
the particulate SOF are not fully documented,
but one study has shown a significant increase
in the PAH content and mutagenicity of the
SOF with a barium additive. Particulate sulfate
emissions are greatly increased with these
additives, since all of them readily form stable
solid metal sulfates, which are emitted in the
exhaust. The overall effect of reducing soot
and increasing metal sulfate emissions may be
either an increase or decrease in the total
particulate mass, depending on the soot
emissions level at the beginning and the amount
of additive used.

Detergent additives (often packaged in
combination with a cetane enhancer) help to
prevent and remove coke deposits on fuel
injector tips and other vulnerable locations. By
thus maintaining new engine injection and
mixing characteristics, these deposits can help
to decrease in-use PM and HC emissions. A
study for the California Air Resources Board
estimated the increase in PM emissions due to
fuel injector problems from trucks in use as
being more than 50% of new-vehicle emissions
levels. A significant fraction of this excess is
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unquestionably due to fuel injector deposits.
There is an absolute need to add lubricating
additives to low sulfur diesel. These can be
specific additives from the additive industry or
a few of percent of for example RME Except
for PM, exhaust emissions from diesel engines
are quite low compared to gasoline engines;
therefore much of the attention to diesel
exhaust emissions has focused on PM and
nitrogen oxide emissions. PM from diesel
exhaust consist of soot, condensed HCs, sulfur-
based compounds and other oil-derived
material. Smoke is the immediately visible
portion of particulate emissions, and its opacity
depends on the number and size of carbon
particles present. The main cause of black
smoke is poor maintenance of air filters or fuel
injectors. Fuel quality can also affect smoke
emissions, through fuel density, aromatic
content, and certain distillation characteristics.
Most of the techniques for reducing PM and
HC emissions from diesel engines also improve
combustion efficiency and are fuel-efficient.
However, they result in higher NOX exhaust.

CONCLUSION
Approach is to emissions control requires

a series of diesel engine modifications including
fuel injection, electronic engine controls,
combustion chamber modification, and air
handling characteristics, reduced oil
consumption, turbo charging, injection retard,
exhaust gas recirculation (EGR), and reduced
heat rejection. Efficient combustion through
improved mixing of air and fuel results in lower
HC and smoke emissions. Electronic control
of fueling levels and timings, combined with
high-pressure fuel injection system, can be quite
beneficial. Turbo charging increases NOx
emissions but reduces particulates. Charge
cooling ( cooling the intake of air after the turbo
chargers) directly reduces NOx emissions by
reducing peak cycle temperature and pressures.
Injection retard is the most effective way of
reducing NOx emissions, but increases fuel
injection, smoke, and HC emissions, particularly

under light loading. EGR cam significantly
reduces NOx but may double particulate
emissions. Effective control of lubrication oil
through engine design prevents it from entering
the engine piston rings, valve guides, is turbo
chargers and has been shown to reduce HC
emissions by about 50 % In order to achieve
low level of particulate emissions, manufacturer
has also developed exhaust treatment devices
that are added to cleanup the exhaust after it
leaves the engine. Several devices are being
evaluated. One is the flow through catalytic
converter designed to operate on low sulfur fuel.
This may reduce the soluble organic fraction
of particulates by as much as 90 % and may
also reduce the carbon portion.
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