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ABSTRACT

Devel opment of any country mainly depends on availability of energy, at the same time most of the environmental
problems are associated with the use of energy. Sustainable development should be approached in all of its
primary dimensions. economic, environmental and social. Energy has deep and broad relationships with each
of thethree pillars of sustainable devel opment. Rapid industrialization, increasing urbani zation and motorization
and increasein consumption of fossil fuelsare main reasonsfor environmental degradation. Emissionsassociated
with combustion of fuel have a significant impact on the ecosystem, affecting animals, plants and aquatic life.
Transport sector is one of the major contributors to pollution in urban areas. If present trends continue,
including the heavy reliance on fossil fuels, riskswill build up not only in the environmental dimension but also
in the economic dimension. e need to change not only the structure of the energy sector but also behavior in
our societies and economies. This paper reviews the use of hiofuels, pollutant formation from engines and
methods to control emissions for cleaner environment and sustainable devel opment.
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1. INTRODUCTION

A nideal environmentisone, which hasfreshair,
pureweater and noise-freesurroundings. Theincreasing
industrialization of theworld hasledto asteeprisein
demand for energy specialy thefossi| fuels. By now,
it hasbeenredized that theinterna combustionengines
formanindispensablepart for industrid growthaswell
asfor modern agricultura activities. Itisimpossbleto
doaway withlC enginesat thisjunctureand dternative
fuel must be sought to ensure safe survival of the
existing engines. Identification of appropriate
alternatives to the conventional fuels has been
subjected to a variety of technical, political,
geographica and economic cong derations. Transport
sector isone of themajor contributorsto pollutionin
urban areas. For vehicular pollution, emissions
standards like US EPA norms in USA, EURO
standardsin European countries have been enforced.
Since the year 2000, India also started adopting

European emission and fuel regulations for four-
wheeled light-duty and for heavy-duty vehicles
(Bharat norms). Standards generally regulate the
emissionsof NO,, particul ate matter (PM) or soot,
carbon monoxide (CO), or volatile hydrocarbons.
Themain componentsof automobileexhaust, carbon
dioxide (CO,) and water vapor (H,0) have so far
not been regul ated by emission standards, but the
European Unionismoving towardsmandatory CO,
limitsinnear future. Kyoto protocol hasemphasized
on green house gases (GHGs) reductions in the
amosphere. CO, isthemaingasresponsiblefor green
house effect. Atmospheric concentration of CO, has
grown from 316 parts per million by volume (ppmv)
in 1959 to 360 ppmv in 1996 and nearly 400 ppmv
in2013. Themgjor culprit for CO, increaseis power
plant and transportati on sector, responsiblefor 2/3
of total CO, increase in the atmosphere. The
projected trends in energy use imply that global
energy-related CO, will riseto alevel of 600 ppmv
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by 2050, whichwill resultin aprojectedincreasein
global temperatureby 3°C[1]. Thisincreasing level
of GHGs could be curtailed by enhancing energy
efficiency and through replacement of petroleum fuel
by bio-fuels.

Thediesd engineisamgor tool inthe day-to-day
life of modern society. It powers much of our land
and seatransport, provideselectrical power, andis
used for many farming, construction, and industria
activitiesand their usewill continueand grow intothe
future. Large emission reductions may beachieved
through fuel reformulation, engine redesign, and
exhaugt treatment. Utilization of renewableenergy is
abascneedfor theoveral sustainabledevel opment.In
thelong term, foss|-fue ed trangportation sysemsmay
be replaced by renewable sources of energiesand
biofuel. This review summarizes and evaluates
published information on pollutant formation, their
effectsand techniquesto reduce emissions.

2. MECHANISM OF FORMATION OF
POLLUTANTS

The exhaust gasemitted by enginesisacomplex
mixture, which contains more than several hundred
different organic and inorganic particulates and
gaseous compounds [2-4]. The pollutants from
interna combustion enginesmainly include un-burnt
hydrocarbons (UBHC), carbon monoxide (CO),
oxides of nitrogen (NO,), oxides of sulfur (SO)),
particulates (PM) etc. These pollutants have serious
effectson human health aswell asecological system.
Pollutantsare emitted from automobileby threemain
SOUrCes:

0 Thecrankcase, fromwhere piston blow-by gases
and oil mist are vented to the atmosphere.

0 Thefud sysem; fromwhereevaporativeemissons
leaksto the atmosphere.

0 Theexhaust system; from wherethe products of
combustion areexpelled into the atmosphere.

[61

2.1 Carbon Monoxide

Carbon monoxideis primarily dependent on the
availability or lack of oxygeni.e., ar-fue ratio. Inthe
richar fud ratio operation thereisnot enough oxygen
to oxidize C atoms completely to CO, and partial
oxidation of Cleadstoformationand emissonof CO.

In Sl Engines, the presence of COfor theair fuel
ratioshigher than stoichiometricistheresult of :

(i) Dissociation reactionsintheexhaust gases

(if) Mixturemay not beentirely homogeneousand can
resultinlocal richmixturegenerating CO

(iii) Freezing of oxidation reactionsasexcessair is
availableor reactionsoccurring near walls

InCl Engines, loca extremely rich mixture zones
exist dueto heterogeneous mixture of fuel and air.
Emission of CO depends upon the extent of post-
oxidation reactionsand freezing of oxidationreactions.
Some COisformedintheover lean regions(LFOR)
of spray dueto slow oxidation reactions.

2.2 Nitrogen Oxides

Nitrogen oxideslargely consagt of nitricoxide(NO)
andasmall amount of nitrogen dioxide(NO,). These
areprimarily formed by the oxidation of atmospheric
oxygeninthecombustion chamber. Principd reactions
governing formation of NO aregiven by theextended
Zddovichmechanismashbelow;

O+N2&NO+N; N+O2<NO+0O; N+OH
< NO+H

These reactions become significant at high
temperatures. The combustion temperatures
(adiabatic flametemperature) and theavailability of
oxygen govern NO formation.

2.3 Unburned Hydrocarbons

In Sl EnginesHydrocarbonsremain unburnedin
the combustion chamber dueto
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o Flame quenching at the relatively colder
combustion chamber walls

o Unburned mixturefillingthecrevicesregions

o Partid or completeenginemidfiring during engine
trandents

o Absorption of fuel vapors into oil film on the
cylinder wall duringintakeand compression strokes
and desorption during expansion and exhaust
strokes.

In the diesel engines, two main sources of HC
emissonsare,

(i) Overleaning: Someof thefud injected duringignition
delay period may have mixed to produce mixture
beyondlean flammablelimits. Increaseinignition
delay hasbeen seentoincrease HC emissions.

Typical composition of PM oo,
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(i) Undermixing: Fuel that leavestheinjector nozzle
at low velocity latein the combustion processi.e.,
thefuel coming out of nozzle sac volumewill have
little time to mix with air and may escape
combustion process. Quenching of combustion
and misfire under cold conditions also increases
HCEmissons.

2.4 Diesel Particulates

Diesel particulate matter is part of a complex
mixturethat makes up diesel exhaust. It consists of
combustion generated carbonaceous matters (soot)
on which fuel and lubricating oil derived heavy
hydrocarbons are absorbed. In addition sulphates,
water and other in-organic matter may also be
adsorbed on the basic soot particles as shown in
figurel.

Polyaromatic Hydracarbons (PAH)
\

dilution with air)
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Compounds
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Elemental Carbon
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Fig.1. The Nature of Particulate Matter

3.POLLUTION CONTROL STRATEGIES

Reducing the pollution that comesfrom vehicles
will usually require acomprehensive strategy that
includesfour key components: emissions standards
for new vehicles, specifications for clean fuels,
programs to assure proper maintenance of in-use
vehicles, and transportation planning and demand
management. Emission by the vehicles may be
controlled by following Strategies.

» Fud modification

* Modificationinengine(In-cylinder contral) i.e Air
handling, Fuel handling, Electronic control etc.

» Exhaust after treatment devices like catalytic
converter, DOC, DPF, EGR, SCR etc)

3.1 Fuel Modification

Over the course of the past 30 years, pollution
control expertsaround theworld havecometoredize
that cleaner fuelsmust beacritical component of an
effective clean air strategy. In recent years, this
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understanding has grown and deepened and spread
tomogt regionsof theworld. Diesdl fuel improvements
have resulted in large reductions of SO, and PM
emissions. Fuel changes, such asreduced sulfur and
aromatics content resulted in significant reduction
Particulate matter (PM) formation [7]. Fuel sulfur
content affects engine wear, deposit formation,
emissonsand a o reducetheeffectivenessof emisson
control equipment, especialy the efficiency of
catalysts. Cetane number improvement resultsin
better combustion. The cetane number increases
through theuseaf ignitionimprovement additives, such
as 2-ethyl hexyl nitrateetc. Inthecase of Euro 3and
Euro4 vehicleemission standards, evenlower sulphur
levels (350 ppm and 50 ppm, respectively) indiesel
fuel will berequired to ensure compliancewith the
standards. Diesdl fuel hasnatura lubricity properties
from compoundsincluding theheavier hydrocarbons
and organo-sulfur. Refining processes to remove
sulphur and aromaticsfrom diesel fuel tend to reduce
thenatural lubricity of diesd. Additivesareavailable
toimprovelubricity and should be used with fuels
with 50 ppm sulfur or less. Thisreduced lubricity can
also be counteracted by blending in a very high
lubricity biodiesd.

Improving energy security, reducing vehicular
contributionstoair pollution and reducing/diminating
greenhouse gas emissions are primary goals
compdling governmentstoidentify and commercidize
aternativesto the petroleum fuels. Alternativefuels
like hydrogen, CNG, ethanol and biodiesdl, electric
and hybrid vehicles etc may be used. Ideally,
alternative fuels should be easily available,
environment friendly and techno-economically
competitive. Synthetic diesel fuel, with nearly zero
sulfur and aromati c contents, isthe cleanest burning
of thereformulated diesdl fuels. Thefuel isproduced
by the gas-to-liquid chemical conversion process
known asFischer Tropsch (FT). Microemulsions of

[81

water or ethanol in diesel fuel have been shownto
reduce both PM and NOx emissionsthrough rapid
vaporization of theemulsified droplets.

Biodiesdl isfatty acid ethyl or methyl ester made
from (new or used) vegetable oils (edible or non-
edible) and animal fats. The use of biodiesal in
conventional diesel engines resultsin substantial
reduction of unburnt hydrocarbons, carbon monoxide
and particulate matter emissions|[5)].

3.2 Engine Modification and Future Engine
Technology

Existing emission standards may be met by
modifying the engine and through the use of after
treatment devicesthat remove pollutantsfrom the
engineexhaust. Gasoline-fuelled passenger carsrelied
onreformulated fuel (unleaded gasoline) and after
treatment devices (catalytic converters) to reduce
emissonsfor many years. Fuel injection rate shaping,
exhaust gas recirculation (EGR), and advanced
combustion techniques can provide additional
emissions reductions [6]. Following engine
modification and technologies may help to reduce
engineemissons.

o Combustion optimization-4v, CC, air motion

o Higherinjection Pressures-CR, Ul

o Retarded injection timing, Electronic control of
injection

o Exhaust Gasrecirculation

o Turbocharging

« GDI,HCCI,

o Hybridvehicle, dectricvehiclesand air engines

Diesdal engine emissions Control techniquesare
usually limited by aNOx and PM tradeoff, where
strategiesto reduce one pollutant may resultin an
Increaseto the other. Injection timing retard reduces
the peak flame temperature, resulting in NOx
reductions. However, timing retard typicaly resultsin
lowersfud efficiency and higher PM emissions. High
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pressurefud injection canregain someof theefficiency
loss by improving the atomization of thefuel spray
and air utilization, resulting in more complete
combustion [6]. Injection rate shaping (possible due
to electronic control and re-engineering of thefuel
injectors) tailorsthefud injection event to reduce pesk
flame temperatures without increasing fuel
consumption. I njection rate shaping hasbeen shown
to smultaneoudy reduce NOx and PM under certain
operating conditions[6].

Diesel emissionsare reduced by turbocharging,
aftercooling, optimizing combustion chamber design,
retarding injection timing, and high-pressure fuel
injection[6]. After cooled turbochargersreduce both
NOx and PM emissions by ~33%, compared with
naturally aspirated engines|[7].

Modifications to the shape of the combustion
chamber, location of the injection swirl, crevice
volumes, and compression ratios al so optimizefuel
efficiency and pollutant reductions. Improved in-
cylinder flow management, such asthedesign of the
intake port and valve and increased swirl for better
combustion may be achieved viaoptical diagnostic
techniquesand computational models[8,9,].

EGRisamod effectivetechniquefor reducingNO,
formationinthe combustion chamber. It reducesNOx
formation inthe combustion chamber by diluting the
air with inert exhaust gas that reduces peak flame
temperatureswhen fuel isignited. Thisalso reduces
the O, concentration inthe combustion chamber [10].

Conventiond diesd enginesNOx formetionishigh
onthelean side of theflame, and PM formationis
high ontherich side of theflame. In homogeneous
chargecompressionignition (HCCI) systems, fuel and
air are premixed prior to introduction into the
combustion chamber. Ignition occurs spontaneousy
throughout the mixture asaresult of compression.
Thisprocessproducesignition a alarge number of

stesthroughout the combustion chamber, iminating
locally lean and rich zonesthat cause high NOx and
PM [11].

Now a days research has been underway to
develop an unthrottled, stratified charge, direct
injection Sl engineto reap theoretical fud efficiency
and emission advantagesof thisconcept. Introduction
of electronically controlled valve gear operation to
Improveengineair breathing and impart desired air
motioninthecylinder, and eectronicfue injectionto
obtain desired air - fuel mixture formation and
compoasition havemade GDI enginearedlity resulting
in significant improvements in performance and
emissons.

Another aternative on the horizon isthe hybrid
eectricVehicle(HEV) system, which usesan électric
drive, typicaly withadiesd internd combugtionengine
and atraction battery. Hybridsyield lower NOx and
PM emissionsand higher fuel economy. The prime
mover of HEV operates at steady load speed
conditionsat the optimum efficiency point and energy
storage deviceslike batteriestake care of transient
operation needsof thevehicle. Supplementing power
of thel C enginewith the el ectric motor can downsize

engine.

Electrochemical battery powered vehicle(EV) is
cleanest of all, but the batteriesare dow to recharge,
and have limited range and power density for
acceptable automotive propulsion. Fuel cells are
preferred to batteriesasit can generate e ectricity on
board from hydrogen for propulsion of an electric
vehicle. Fud cellshavethe potentia to replacediesal
engines in truck, bus, and certain off-road
gpplications. Intransportation gpplications, hydrogen
can be carried on-board, reformed from methanol
using alow-temperature reformer or reformed from
higher HC fue susing high-temperaturereformers.
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3.3 Exhaust after treatment

When the first emission controls were first
introduced back inthelate 1960s, they were primarily
“add-on” componentsthat solved aparticular emisson
need. Positive crankcase ventilation (PCV) became
standard in 1968 to reduce blow by emissions. In
1971, charcod canistersand sealed fuel systemswere
added to control evaporative emissions. But themost
sgnificant add-on camein 1975 whentheauto makers
wererequiredtoingtal cataytic convertersondl new
cars. Theearly “two-way” converters(to control HC
and CO) acted like an afterburner to reburn the
pollutants in the exhaust. In 1981 “three-way”
converterswereintroduced. Three-way converters
alsoreduced NOX concentrationsin the exhaust, but
required theaddition of acomputerized feedback fuel
control systemto do so. To reduceall three pollutants
(HC, CO and NOx), athree-way converter requires
afud mixturethat congtantly changesor flipflopsback
and forth fromrich to lean. This, in turn, requires
feedback carburetion or eectronicfud injection, plus
an oxygen sensor intheexhaust tokegp tabsonwhat's
happening with thefue mixture,

Ascombustion systemrefinementsand EGR reach
their limits, NOx and PM after trestment deviceswill
be needed to comply with increasingly stringent
emission standards. NOx aftertreatment devices
include the lean NOXx catalyst, the NOx adsorber,
and selective catalytic reduction (SCR) while
particul ate matter emission may betaken careof by
Diesd Particulate Filters (DPFs).

Lean NOx catalysts have been shownto provide
up to 30% NOx reduction under certain operating
conditionsathough fud efficiency isreduced by 7%.
NOx adsorbersoperate by storing NOx under typical
diesel engineoperations(“lean” conditions). Before
the NOx adsorbent becomesfully saturated, engine
operating conditionsand fueling rates are adjusted to
produce afuel-rich exhaust that reducesthe stored

[10]

NOx to nitrogen. Under these rich conditions, the
stored NOx is released from the adsorbent and
simultaneously reduced to N, over precious metal
adsorber catdyst Stes. Anengine management system
iscritical totheoperation of the NOx adsorber system.
Theconcernwith fuel sulfuristhat sulfur dioxide(SO,)
formed can deactivate the active catalyst sitesand
makethe adsorberslessefficient over time. Improved
NOx adsorber desulfurizetion systems, sulfur-res sant
active catalyst layers, and other methods are under
devel opment to maintain the NOx adsorber’shigh
efficiency for theussful lifeof theengine.

Sel ective Cata ytic Reduction (SCR) isthemost
effective method of controlling nitrogen oxide
emissions (NOx) from combustion sources. Itisa
commercially proven flue gastreatment technology
that has been demonstrated to remove over 90 percent
of the NOx contained in combustion system exhaust
gas. Inthetraditiona SCR systems, NOx (mainly NO)
isreduced by ammoniato form nitrogen and water.
The catalyst is at the heart of the SCR process. It
createsasurfacefor reacting the NOx and ammonia,
and alowsfor thereactionto occur withintypica flue
gastemperatureranges. Theactiveingredientinmost
NOx catalyst is Vanadium Pentoxide (V.,O,). For
higher temperatures zeolites, tungsten or titanium
matricesmay be utilized aswell. Ammoniaactsas
reducing agent and isinjected upstream of thecatalyst.
On the surface of the catalyst, the NOx will be
selectively reduced by reacting with theammoniain
the presence of oxygento form harmlessbyproducts,
water and nitrogen (H,0 & N.). Ureawould probably
be used to providethereactant. Themain challenges
for SCRare controlling therate of ureaintroduced to
maximize NOx reductionswithout “ammoniadip”
through the catalyst and ensuring that the ureais
properly replenished throughout the vehiclelifeto
ensureemissonreductions.
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Diesd Particulatefilters(DPF) are placed inthe
exhaust flow to reduce the amount of particulates
released to the atmosphere. Filters are often made of
ceramicintheformof amonoalith or mat, or lsemade
of metal wiremesh. Filterstypically remove 60-90%
of particulatesintheexhaust flow. Asfilterscatch the
soot particles, they dowly fill upwiththeparticul ates
and need to be regenerated. Regeneration consists
of combusting the particul atesin the excess oxygen
contained in the exhaust of the lean-operating Cl
engine. Many techniqueslike Fuel-borne Catalysts,
incylinder post injection of fuel, Electricity aided
Regeneration, microwaves can and arebeing used to
regenerateadiesd particulaefilter, both on- and off-
board.

4. CONCLUSIONS

Enginetechnology hasimproved substantially in
recent years. However, in parallel with the
technological advancement the need of theday is
further reducing theemissions. Pollutantsfrom the
engines adversely affect all aspects of the natural
environment—Iland, water, and air. Diesel PM has
been associated with lung cancer and short-term
respiratory allments, such asasthma, in occupational
and generd population epidemiologic studies. Tumors
and cell damage have beenfound in animasexposed
to high DPM concentrations, although these
concentrationsaretypically much larger than those
foundinnormal atmospheres. Small particles, which
are both directly emitted from diesel engines and
formed from gaseousemissions, canlead to premature
death and mgjor respiratory problems.

Significant progress has been madein reducing
engineemissonsthroughimproved enginedesgnand
fuel reformulation. These advances have often
improved fuel economy, thereby offsetting some of
the costs of new technology. Since 1980, up to 90%
reductionsin DPM and NOx emissions have been

achieved with fuel injection rate shaping and
combustion system refinements.|t is expected that
high-efficiency after trestment deviceslike SCR, DPF
etcwill effectively reduceemissons Another promising
new heavy-duty technology being demongtratedisa
hybrid-el ectric engine system that can reduce DPM

and NOx emissions by 25% or more, compared with
thecurrent diesdl engine.

REFERENCES

[1]  Anon, petroleum statistics, Ministry of oil &
natural gas, Government of India, http://
WwWw.peroleum.nic.in/petsteat. pdf.

[2] Kagawa, J., Health effects of diesel exhaust
emissonsmixtureof air pollutantsof worldwide
concern, Toxicology 181-182, 2002, pp 349-
53.

[3] Sher, E., Handbook of Air Pollution from
Interna Combustion Engines, academic Press,
USA.

[4] Lloyd,A.C., Cackette, T.A., Diesel Engines:
Environmental Impact and Control, Journa of
Air & Waste Management Association, Vol.
51, 2001, pp. 809-47.

[5] Krawczyk,T., Biodiesd-Alternativefud makes
inroads but hurdle remains, INFORM
7,1996,pp801-15

[6] AlanC.Lloydand ThomasA. Cackette, Diesdl
Engines. Environmental Impact and Control,
CdliforniaAir Resources Board, Sacramento,
Cdifornia

[7] Monaghan, M.L. Particulatesand the Diesel-
The Scale of the Problem; IMechE ,1998, pp

Vii-XV.

copyright © samriddhi, 2010-2014

S-JPSET : ISSN : 2229-7111, Vol. 5 (Special Edition-I)



All India Seminar on Sources of Planet Energy, Environmental & Disaster Science: Challenges and Srategies (SPEEDS-2013)

8]

[9

[10]

[11]

2]

Dec, JE. Conceptual Model of DI Diesel
Combustion Based onlL aser-Sheet Imaging.
SAE 1997 World Congress, Societyof
Automotive Engineers, Warrendale, PA, 1997,
Paper N0.970873.

Dec, J.E.; Canaan, R.E. PLIF Imaging of NOx
FormationinaDI Diesel Engine. SAE 1998
World Congress, Society of Automotive
Engineers, Warrendale, PA, 1998; Paper No.
980147.

Pierpont, D.A., Montgomery, D.T., and Reitz,
R.D., 1995, “Reducing Particul ate and NOx
Using MultipleInjectionsand EGRinaD. I.
Diesdl”, SAE, 950217.

Gray,A.W., Il1; Ryan, TW., I1l. Homogeneous
Charge Compression Ignition (HCCI) of Diesd
Fuel. SAE 1997 World Congress, Society of
Automotive Engineers, Warrendale, PA, 1997,
Paper No. 971676.

S-JPSET : ISSN : 2229-7111, Vol. 5, (Special Edition-1)

copyright © samriddhi, 2010-2014



