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ABSTRACT

OurprojectGREENVisacombinationoftwowords,GREfor"GREEN"andENVfor

"Environment"whichmeans"GreenEnvironment".Ourpurposeistoestablisha

green & healthy environment under the agenda of the 13th Sustainable

DevelopmentGoal(SDG)whichisClimateAction.Therefore,GREENVcomesalong

withauniquesolutiontocombatclimatecrisesaswearemanufacturingGREENV

devices that are installed on the tailpipes of dieselvehicles,generators,

chimneys...etcforthecollectionofcarbonsootparticlespresentinexhaustgases,

thataretherootcause.Theuniquenessisthatthesecapturedsootparticlesare

thenreusedtomakeCarbonTilesandCarbonInk.Therearecatalyticconvertsand

DieselParticulate filtersthatare installed within the vehicles'system whose

purposeistocapturesootparticlesandtoemitcleansmoke.Thedifference

betweenthem andinourdeviceGREENVisthatinCatalyticconverters&inDiesel

Particulate Filter,theyburned outthe collected carbon sootparticles atthe

momentwhileinourdevicewedonotburnthecapturedcarbonsootparticles,

insteadofthat,wereusedthem tomakecarbontilesandcarbonink.Ourtarget

audienceisgovernmentinstitutions,factories,industries,andallstakeholders

whichwillhelpustoimplementourGREENVdevicesonpublictransportbuses,

cars,industries,factories...etc under the agenda of the 13th sustainable

developmentgoal(SDG)whichisclimateaction.

Keywords:Greenv,ClimateChange,Green,Healthy,Environment
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CHAPTER1INTRODUCTION

1.1ProjectTitle

Greenv:"Green&HealthyEnvironmentthroughminimizingcarboncontaminantsby

exhaustgases.GREENVisacombinationoftwowords,GREfor"GREEN"andENVfor

"Environment"whichmeans"GreenEnvironment".Ourpurposeistoestablishagreen

&healthyenvironmentundertheagendaofthe13th SustainableDevelopmentGoal

(SDG)whichisClimateAction.

1.2Background

Now a day,DieselVehicles,Factories,Chimneys,ElectricGenerators,oil& gas

industriesandmanymoreindustries&equipment’semitalotofcarbonsootparticles

throughtheirexhaustgasesfrom tail-pipes.Carbonsootparticlescontributetoair

pollutionandhavedetrimentaleffectsonhumanrespiratoryhealth.Inhalingthese

particlescan lead to varioushealth problems,including asthma,wheezing,and

serious conditions such as carcinoma and lung cancer.Unfortunately,there is

currentlynoeffectivemethodfortheproperdisposalofcarbonsootparticles.

Airpollutionoccurswhentheatmosphereiscontaminatedbyexcessiveamountsofharmful

substances,includinggases,particulates,andbiologicalmolecules.Thispollutioncanleadto

diseases,allergies,andevenfatalitiesinhumans,whilealsoposingriskstootherorganisms

anddamagingthenaturalorbuiltenvironment.Bothhumanactivitiesandnaturalprocesses

cancontributetotheoccurrenceofairpollution.

Anairpollutantisasubstancethathasnegativeeffectsonbothhumanhealthand

theecosystem.Thesepollutantscantaketheform ofsolidparticles,liquiddroplets,

orgases,andtheycanoriginatefrom naturalsourcesorhuman-madesources.Air

pollutantsaretypicallycategorizedintotwotypes:
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1.Primarypollutants:These are directlyemitted into the airfrom specific

processes.Examplesincludeashfrom volcaniceruptions,carbonmonoxide

from vehicleexhaust,andsulfurdioxidereleasedbyfactories.

2.Secondarypollutants:Unlikeprimarypollutants,secondarypollutantsarenot

emitteddirectlyintotheair.Instead,theyform throughchemicalreactionsor

interactions among primary pollutants.Ground-levelozone serves as a

prominentexampleofasecondarypollutant.

Itisessentialtoaddressandmitigateairpollutionthroughvariousmeasuresto

protecthuman health,safeguard ecosystems,and preservetheenvironmentfor

futuregenerations.

1.2.1SourcesofAirPollution:

Pollutantsarereleasedintotheatmospherefrom variouslocations,activities,or

factors.Thesesourcescanbebroadlycategorizedintotwomajorgroups.

Anthropogenic(man-made)Sources

Thereleaseofpollutantsintotheatmosphereisprimarilyassociatedwiththe

combustionofvariousfueltypes.Thesesourcescanbecategorizedasfollows:

Stationarysources:Thisincludessmokestacksfrom fossilfuelpowerstations,

manufacturingfacilities,wasteincinerators,furnaces,andotherheatingdevicesthat

burndifferentfuels.

Mobilesources:Thiscategorycomprisesmotorvehicles,marinevessels,andaircraft,

allofwhichemitpollutantsduringtheiroperation.

Controlledburnpractices:Controlledorprescribedburningisatechniqueemployed

inagricultureandforestmanagement.Itinvolvesdeliberatelyburningvegetationto
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stimulatethegerminationofdesirableforesttreesandpromoteforestrenewal.

Volatilecompounds:Pollutantscanbereleasedfrom thefumesofpaints,hairspray,

varnish,aerosolsprays,andothersolventscontainingvolatilecompounds.

Landfillemissions:Wastedepositioninlandfillsproducesmethane,whichisapotent

greenhousegasandairpollutant.

Militaryactivities:Militaryresourcessuchasnuclearweapons,toxicgases,germ

warfare,androcketrycanalsocontributetoairpollution.

Thesevarioussourcescollectivelycontributetothereleaseofpollutantsintothe

atmosphere,highlightingtheneedforcomprehensivepollutioncontrolmeasuresand

sustainablepracticestominimizetheirimpactonhumanhealthandtheenvironment.

NaturalSources

Varioussourcescontributetoairpollution,andtheycanbecategorizedasfollows:

Naturalsources:Dustgeneratedfrom largelandareaswithminimalvegetationisa

naturalcontributortoairpollution.

Animalemissions:Methane,agreenhousegas,isemittedduringthedigestionof

foodbyanimals.

Radongas:RadonisreleasedthroughradioactivedecaywithintheEarth'scrustand

cancontributetoairpollution.

Wildfires:Smokegeneratedfrom wildfirescanreleaseharmfulpollutantsintothe

atmosphere.
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Vegetationemissions:Incertainregions,vegetationcanemitsignificantamountsof

volatileorganiccompounds(VOCs),whichhaveenvironmentalimplications.

Effortsshouldfocusonimplementingmeasurestomitigatethereleaseofthese

pollutantsintotheair,aswellasfindingsustainablealternativesthatminimizethe

impactonhumanhealthandtheenvironment.

ParticulateMatter

Soot,theparticulatemattercapturedbythisdevice,consistsoffineblackparticles

primarilycomposedofcarbon.Itisproducedthroughtheincompletecombustionof

fossilfuels.Thesesootparticlesareincrediblysmall,oftensmallerthandustormold,

withadiameterabout1/30ththesizeofaperson'shair.Duetotheirsize,theycan

penetratedeepintothelungsandposesignificanthealthrisks.

RecentresearchconductedatStanfordUniversityindicatesthatparticulatematter,

includingcarbonsoot,contributestoapproximately15to30% ofglobalwarming

(Jacobson2007a,b).Carbonsootischaracterizedasasubstancewitheightparts

carbonto oneparthydrogen(Srivastavaand Agarwal2011).Itstruedensityis

estimatedtobe1.84±0.1g/cm3,whilethebulkdensityrangesfrom 0.02to0.4

g/cm3(Choietal.1994).

Incompletecombustionofpetroleum products,wood,fueloil,plastics,andhousehold

wastearetheprimarysourcesofcarbonsoot.Dieselemissionsfrom vehicles,
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domesticheating,andwildfiresalsocontributetocarbonsootemissions(Bøllingetal.

2009).Polycyclicaromatichydrocarbons,whicharegeneratedfrom liquidorgaseous

fuels,areamongthekeycomponentsofcarbonsoot(SrivastavaandAgarwal2011).

Addressingandminimizingcarbonsootemissionsisofutmostimportance,andthis

can be achieved through the adoption ofcleanercombustion technologies,the

promotion ofsustainable energy sources,and the implementation ofeffective

pollutioncontrolmeasures.Byreducingcarbonsootemissions,wecanmitigateits

adverseimpactonbothhumanhealthandtheenvironment.

Inadditiontoitsimpactonairquality,particulatematter,includingcarbonsoot,also

posesathreattoculturalheritage.Itstainsanddeterioratesstoneinscriptions,

Figure1:GlaciersAbsorbingSunlight
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sculptures,statues,andmonuments,diminishingtheiraestheticandhistoricalvalue.

Furthermore,thetransportationofsootbywindandoceancurrentstothepolarice

capsintheArcticandAntarcticregionshascatalyzedthemeltingoftheseicecaps

byabsorbingsunlight(Jacobson2004,2005).

Topreserveourculturalheritageandaddressclimateconcerns,itiscrucialtoreduce

carbonsootemissionsnotonlyforthebenefitofhumanhealthbutalsotoprotect

valuableartifactsandmitigatetheeffectsofclimatechangeonourplanet'sicecaps.

Thisrequiresconcertedeffortsinpollutionreduction,renewableenergyadoption,and

sustainablepractices.

Whensnowiscoveredwithsoot,itabsorbsagreateramountoftheSun'senergyand

heatcomparedto pristine,whitesurfacesthatreflecttheSun'srays.Asglobal

warmingprogresses,manysnow-andice-coveredregionsarealreadyexperiencing

melting.Asglaciersandicesheetsmelt,theytendtoaccumulatemoredirtandsoot,

furtherintensifyingtheirdarkeningeffect.Thisadditionalsootcontributestothe

warmingprocessbymakingicysurfacesdarkerandincreasingtheirabsorptionof

solarenergy.Similartohow wearingablackshirtoutdoorsabsorbsmoresolar

energyandkeepsyouwarmerthanawhiteshirt,sootparticlesonsnow effectively

absorbsunlight.Thus,theyenhancethewarmingeffectasicemelts.

1.3Problem Definition

Theproblem wearetryingtosolveistoreduceairpollutionandthenconvertitinto

carbonink&carbontiles.Itisasustainableideainwhichwearegoingtocollect

carbonblack(Soot)alsocalledparticulatematter(PM 2.5)from automobileengine

emissionsbyusingacarboncollectingdeviceandreusethatcarbonblack(soot)to
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form differentcarbonproducts.Asweallknowtheworldisfacingaseriousproblem

regardingairpollution,thuswewillworkonsustainableprojecttoreduceairpollution.

Mostofcarbon black (Soot)coming from dieselengines exhaustemission

(generators and automobiles)tailpipes,Chimneys,biomass burning,including

wildfires,residentialheatingandindustry.DevelopingcountriesinAsia,Africaand

LatinAmericaemitmorethan75percentofglobalblackcarbon(Soot)emissions,

mainlyfrom cookstovesandtheburningofsolidfuelslikecoalandwoodforheating,

whichespeciallyaffectsthehealthofwomen.

Airpollution,bothoutdoorsandindoors,causesmillionsofprematuredeathseach

year.Thedeathsaremainlycausedbytheinhalationofparticulatematter.Black

carbon,acomponentofparticulatematter,isespeciallydangeroustohumanhealth

becauseofitstinysize.Butblackcarbonnotonlyhasimpactsonhumanhealth,it

also affects visibility,harms ecosystems,reduces agriculturalproductivity and

exacerbatesglobalwarmingwhichcausemeltingofglaciers

Figure2:CarbonSootProblems
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Microscopicparticlecanpenetratedeepintothelungsandhavebeenlinkedtoawide

rangeofserioushealth effects,including prematuredeath,heartattacks,lungs

cancer,strokes,aswellasacutebronchitisandaggravatedasthmaamongchildren.

Therefore,duetothesereasons,wearecollectingthiscarbonblackthroughexhaust

emissionsandthenuseittomakecarbonink&carbontilestocreategreenimpact

onoursociety.

1.4ProjectScope

OurprojectisuniqueandgreatastomakeaGreen& HealthyEnvironmentby

reducing carboncontaminantsthroughexhaustgases,isnotonlybeneficialfor

humans butforallthe creatures and stakeholders ofsociety & Planet.Our

uniquenessisthatthedevice“GreenV”whichwedesignandmanufactureisthefirst

one in Pakistan thatwillinstallon the tailpipes ofDieselVehicles,Factories,

Chimneys,Generators,industries…etc.forthecollectionofCarbonSootParticles(PM

2.5),causing GlobalWarming,ClimateChange,AirPollution,SMOG,and Health
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diseases.

ThecarbonsootparticlescollectingdevicesareavailableatInternationalLevelbut

notavailableinPakistan.Therefore,wearemanufacturingcarbonsootparticles

collectingdevicetomakeiteconomicallysustainableandmoreefficientforPakistan.

Thedevicewillbeequallyapplicabletotheindustrialandlogisticindustries.

Asweallknow thatPakistanisfacingseriousClimateCrises,duetowhichfloods

acrossPakistanhavebeencausedanddevastatingthewholelifecycle.Thus,we

cameupwithanimpactful,unique,andproblem-solvingideathatwillmitigatethe

ClimateCrisesinPakistan.

Alongwiththis,wealsohavefollowingbenefitsthatourprojectwillsolvefollowing

hotproblems:

1. AirPollution.

2. CarbonSootParticles(PM 2.5)

3. ClimateChange

4. GlobalWarming

5. SMOG

6. Health&RespiratorydiseasescausedbyCarbonSootParticles.

7. Climate&FloodCrisesinPakistan.

Therefore,thescopeofourprojectisveryvastasitisdirectlyreducingtheair

pollutionwhileindirectlyreducingtheglobalwarming,climatechange,smog,health

diseasesthatarecausingbecauseofit.Asgovernment&organizationsareworking
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onthemitigation&awarenessoftheclimatecrises,sinceitisamatteroflivesof

millionsofpeoples&allthenaturalhabitat.

1.5NeedAssessment

Everyyear7millionPeoplediedduetoAirPollutionglobally.Outofwhich,1.3million

peoplediedannuallyinPakistan.TheAirPollutionbecomesthe4thmajorcauseof

deathsinrecentyears.TherootcauseofAirPollutionistheCarbonSootParticles

(PM 2.5)emittedbytheexhaustgasesthroughthetailpipes.CarbonSootParticles

(PM 2.5)arenotonlycausingAirPollutionbutalsocontributingtowardsGlobal

Warming,ClimateChange,SMOGandHealthDiseases.

AccordingtoarecentstudyatStanfordUniversity,particulatematterorcarbonsoot

particles(PM 2.5)accountsforabout15to30%ofglobalwarming.Asweallknow

thatPakistanisfacingaseriousproblem regardingGlobalWarming,ClimateChange,

AirPollution&Smog,duetowhichfloodsacrossthePakistanhavebeencaused

becauseofabnormalmeltingofglaciers,andunusuallyheavyrains,devastatingthe

wholelifecycle.

Therefore,theneedofourprojectisverydemandinginordertotackletheissueslike

globalwarming,airpollution,smog,climatechangeandhealthdiseases.Since,weall

know thatPakistanisfacingaseriousproblem regardingGlobalWarming,Climate

Change&AirPollution,duetowhichfloodsacrossthePakistanhavecausedbecause

ofabnormalmeltingofglaciers,unusualheavyrainsanditresultsindevastationof

thewholelifecycle.

AsyoungprofessionalsandyouthofPakistan,ourprojectGREENV andallother
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projectsrelatedtoclimatechangearetheneedofdayinordertoprotectthehabitat

from climatechange&savehumans&environmentfrom differentdiseasescaused

byparticulatemattersuchaslungscancer,asthma,etcandtocontrolthecarbon

emissionsforthedevelopmentofgreenandhealthyPakistan.
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CHAPTER02:LITERATUREREVIEW

Airpollutionposesasignificantchallengeinourmodernera,impactingbothclimate

changeandpublichealthnegatively.Itcontributestoincreasedratesofillnessand

death,primarilyduetovariouspollutants.ParticulateMatter(PM),comprisingsmall

particles,can infiltrate the respiratory system and lead to respiratory and

cardiovascularailments,reproductiveandcentralnervoussystem issues,andeven

cancer.Ground-levelozone,originallybeneficialinthestratosphere,becomesharmful

and affectstherespiratoryand cardiovascularsystems.Nitrogen oxide,sulphur

dioxide, Volatile Organic Compounds (VOCs), dioxins, polycyclic aromatic

hydrocarbons(PAHs),carbonmonoxide,andheavymetalslikeleadareallhazardous

airpollutantsassociated with respiratorydisorderssuch asChronicObstructive

PulmonaryDisease(COPD),asthma,bronchiolitis,lungcancer,cardiovascularevents,

central nervous system dysfunctions, and skin conditions. Furthermore,

environmentalpollutionandclimatechangehaveconsequencesonthespreadof

infectiousdiseasesandtheoccurrenceofnaturaldisasters[1].

Blackcarbon,acomponentofsoot,isapotentabsorberofsolarradiationinthe

atmosphere.Itisprimarilyemittedfrom humanactivities,withahigherconcentration

intropicalregions.Transportedoverlongdistances,itmixeswithotheraerosolsto

form extensiveatmosphericbrown clouds.Blackcarbon emissionsrankasthe

secondlargestcontributortoglobalwarmingaftercarbondioxideduetoitsstrong

absorption,regionaldistributionalignedwithsolarirradiance,anditsroleinthe

formationofatmosphericbrownclouds.IntheHimalayanregion,blackcarbon'ssolar

heating significantly impacts the melting of snowpacks and glaciers.These
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atmosphericbrowncloudsreducesurfacesolarradiationandthedepositionofblack

carbononsnowandicesurfacesacceleratestheirmelting,particularlyintheArctic[2]

Abovetableprovidesdifferentdiametersofstainless-steelelectro cyclonesand

electrostaticprecipitators,alongwiththeirrespectivehighvoltagechargerods.These

areusedforparticleseparation.Thediameterslistedinthetablerepresentvarious

sizesoftheelectrocyclones,impactingtheirefficiencyinseparatingparticles.The

highvoltagechargerodscreateanelectricfieldwithintheelectrocyclone,aidingin

theattractionandseparationofchargedparticles.Theselectionfrom thetableis

based on the desired particle separation efficiency,system requirements,and

operatingconditions[3].

Experimentsperformedusingalab-scaletubularelectrostaticprecipitator(ESP)to

investigateitseffectivenessin reducing particulatematter(PM)emissions.The

experimentsinvolvedusingasmalldieselengineasthesourceofsmokeandPM.

Opacityandparticleconcentrationweremeasured,andacorrelationbetweenopacity

andparticleconcentrationwasestablished.Thestudyexaminedtheinfluenceof

Figure3:TableofESPFeatures
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variousoperationalfactorsontheESP'svoltage-intensity(VI)curves,suchasvoltage

polarity,dischargeelectrodediameter,humidity,electrodetemperature,andfouling.

The findings demonstrated thatnegative voltages resulted in high collection

efficienciesandshorttestdurations.Thearticlealsoemphasizedthesignificanceof

avoidingstructuresthatconnectdischargeandcollectionelectrodesinthefluegasto

preventelectricalissuescausedbyfouling[4].

Thecombustionoffuelinshipsmainenginescontributestoairandseapollution.To

mitigateairpollutionfrom industrialburning,electrostaticprecipitators(ESPs)are

commonlyemployedtoremovegaspollutantsusinganelectricfield.Thisresearch

aimstodevelopanESPconceptforreducingpollutantsfrom shipengineemissions.

ExperimentalmethodswereutilizedtoevaluatetheeffectivenessoftheESP.The

resultsdemonstratethattheuseoftheESPsignificantlyreducesnitrogendioxide

(NO2)levelsfrom 7.70mg/Nm3to3.85mg/Nm3.Additionally,sulphurdioxide(SO2)

levelsdecreasefrom 72.3mg/Nm3to39.6mg/Nm3,resultingina50%reductionin

NO2anda45.2%reductioninSO2emissions[5].

AshutoshKulkarniandhisteam developedaretrofitelectrostaticprecipitatorfor

automobileenginesusingstainlesssteelgrade202casing,0.5mm mildsteelwire

mesh,and 1mm Galvanized iron plates.The device efficiently collects solid

particulatematter,with2.556g/hrfrom arunningpetrolengine[6].

Ibrahim Adabaraandhisresearchteam developedasimplewire-plateelectrostatic

precipitator(ESP)toassesstheeffectivenessofcapturingsmokeparticlesgenerated

from thecombustionofrubber-wood,whichservesasabiomassenergysource.The

ESPcomprisedacollectioncylinderelectrodeandtwowireelectrodespositioned
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betweenthecylinders.Ahigh-voltageneontransformerenabledamaximum input

voltageof10.5kV (DC)fortheWheatstonebridgecircuit.Thegapbetweenthe

cylinderandthespacingbetweenthewireswereadjustable.Fieldtestsconductedin

afurnacerevealedthatthedevicecouldoperateforapproximatelyonehourbefore

requiringelectrodecleaning.Thecollectionefficiencygraduallydecreasedasthedust

loadingincreasedduringthewoodburningprocess.Initially,theESPachievedapeak

efficiency ofaround 80%.Interestingly,the separation distance between the

collection plate electrodes exerted a more significantinfluence on efficiency

comparedtothegapbetweenthewireelectrodes[7].

Aresearchteam ledbyArintoY.P.Wardoyoin2020developedaparticulatefiltering

system basedonelectrostaticprinciplestotargetfineparticleswithadiameterless

than2.5μm.Thesystem utilizedaluminium anodesandcathodesaselectrostatic

electrodes,whichwereintegratedintoamotorvehiclemuffler.Performancetesting

involvedmeasuringparticleconcentrationsbeforeandafterusingthefiltersatfour

differentelectrostaticvoltages:V1(100Volt),V2(200Volt),V3(300Volt),andV4

(400Volt).Theresultsdemonstratedthefilter'sabilitytoeffectivelyreducefine

particleconcentrations,achievingefficiencyratesof50%,60%,62%,and68%forV1,

V2,V3,andV4,respectively.Thefilter'sperformancewasdirectlyinfluencedbythe

appliedvoltageandthedurationofthetest.Overall,thestudyconfirmedthehigh

efficiencyofthefilterinreducingfineparticleconcentrations,withthevoltageplaying

asignificantroleinitsperformancethroughoutthetestingperiod[8]

MuhsinKılıçandhisteam conductedastudyinvolvinganumericalsimulationmodel

andanalyticalmethodtoevaluatetheparticlecollectionefficiencyandtransport

phenomenainanelectrostaticprecipitator(ESP).TheESPinvolvescomplexphysical
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processes,includingturbulentflow,coronadischargeionization,particlemovement,

andelectricchargedisplacement.Ionsattachtosuspendedparticles,causingthem

tobecomecharged.Thesechargedparticlesthenmovetowardsthecollectionplate

andadheretoit.Thenumericalmodelconsidersgasflow,electrostaticfield,and

particlemotion.Thestudyinvestigatedthecollectionefficiencyofawire-plateESP

forparticlediametersrangingfrom 0.02to10µm.Theresultsshowedsignificant

variationsinelectricfieldstrengthsandcurrentdensitiesacrossthesolutiondomain.

Changingthesupplyvoltageandchargingwirediametershadanotableimpactonthe

charges acquired by the electrostatic field and particle collection efficiencies.

Additionally,thedistancebetweenthechargingandcollectingelectrodesandthe

fluidinletvelocityinfluencedtheparticlecollectionefficiency.Thestudyexamined

and discussed the influence ofdifferentESP working conditions and particle

dimensionsonitsperformance[9],[10].

JurajDrga,NikolaCajová,andBystríkCervenkaconductedastudytoenhancethe

efficiencyofparticulatematter(PM)capturethroughelectrostaticprecipitation.Their

focuswasondesigningacost-effectiveelectrostaticprecipitator(ESP)suitablefor

smallheatsources.Theinnovationinvolvedcreatingtwovariantsofthedevicebased

onatubularESPprinciple,incorporatingadditionalelementstoincreasecollecting

electrodeareaandthenumberofchargingelectrodes.Computationalfluiddynamics

(CFD)analysiswasutilizedtoassesstheimpactonpressuredropandgasflow

velocity.Theauthorsalsoevaluatedtheeconomicfeasibilityoftheprecipitatorsand

madedesignadjustmentstooptimizeenergyconsumption.Theresultsshowcased

thepromisingdirectionforimprovingPM emissioncontrolequipment.Thenovel
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design significantly increased the collection area compared to conventional

precipitators,demonstratingitspotentialforeffectivePM capture[11].
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CHAPTER03:DESIGNMETHODOLOGY

Airpollution,particularlycausedbyexhaustgasesfrom vehicles,generators,and

dieselengines,isasignificantcontributortoglobalwarmingandclimatechange.To

addressthisissue,theprojectaimstocaptureairpollutionfrom exhausttailpipes

andconvertitintovaluableproducts,promotingacirculareconomy.Theproject

consists oftwo main components:the GREENV Device and the High Voltage

RegulatorModule.Thisdesigndescriptionwillprovidedetailedinsightsintoboth

componentsandtheirfunctioning.

Figure4:GREENVDEVICE
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3.1DesignDescription

3.1.1GREENVDevice

TheGREENVDeviceisacrucialcomponentdesignedtocaptureairpollutionfrom

exhausttailpipes and reduce carbon sootparticles using electrostatic force.It

featuresa12-inchstainlesssteelhollow cylinderwiththickrubberinsulationanda

bakelitehandleforsafetyandeasyhandling.Thedeviceincorporatestwostainless

steelgrids,withonebeingpositivelychargedtoattractcarbonsootparticles.A

copperrodrunningalongthedevicerepelstheparticles,whileanegativelycharged

cylinderattractsandaccumulatesthem.Theadjustableoutergridsecurelyclamps

thedeviceto tailpipesofdifferentdiameters.Throughthisdesign,theGREENV

Deviceefficientlycapturesandremovescarbonsootparticles,contributingto a

greenerandhealthierenvironment.

Figure5:GREENVDeviceView
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3.1.1.1Design

TheGREENV Deviceismeticulouslydesigned,featuringadurablestainless-steel

hollowcylinderwithathicknessof1mm andadiameterof4inches.Thishigh-quality

materialensuresthedevice'slongevityandresistancetoharshenvironments.To

enhancesafety,thecylinderiseffectivelyinsulatedfrom theoutsideusingthick

rubber,minimizingtheriskofelectricshockandprotectingusersduringoperation.

Additionally,theinclusionofaBakelitehandleontheoutersideofthedeviceaddsa

practicalelement,enabling easyand comfortable handling.The handle's sturdy

constructionfurtherenhancesthedevice'soverallrobustness,allowing usersto

securelygrip and maneuvertheGREENV Deviceasneeded.Throughthoughtful

design considerations,the GREENV Device notonlyprioritizes functionalityand

efficiencybutalsoplacesutmostimportanceonusersafetyandeaseofuse.

Figure6:SOLIDWORKSMODEL
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3.1.1.2InternalComponents

The design ofthe GREENV Device includes two stainless steelcirculargrids

positionedateachend.Thesegridsplayacrucialroleinthecaptureprocess.The

gridclosertothetailpipeisspecificallydesignedtoacquireapositivecharge,which

isachievedthroughtheintegrationofthevoltagemodule.Thispositivechargeis

essentialforattractingandcapturingcarbonsootparticleseffectively.Runningalong

theaxisofthedeviceisacopperrodsecurelyattachedtothecenterofthepositive

grid.Topreventundesiredchargetransferbetweenthecopperrodandthesecond

grid,aninsulatingmaterialisstrategicallyimplemented.Thisinsulationensuresthat

theelectrostaticforcesoperateasintended,maintainingtheeffectivenessofthe

particlecaptureprocess.Thecarefularrangementofthesecomponentswithinthe

GREENVDeviceoptimizesitsabilitytocaptureandcontainairpollutionefficiently.

Figure7:Cross-SectionalView
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3.1.1.3SlidableOuterGrid:

TheGREENV Devicefeaturesanadjustableoutergridthatoffersflexibilityinits

positioning.Thisgridcanbeeasilymovedinandoutofthedevice,allowingfor

precisealignmentandoptimalperformance.Toensureelectricalsafetyandprevent

unwantedcontact,theoutergridisinsulatedfrom itsoutersurface.Additionally,a

reliableclampmechanism isincorporatedtoprovideasecureattachmenttotailpipes

ofvaryingdiameters.Thisclampmechanism utilizeshardinsulatedrubber,whichnot

onlyfacilitatesasnugfitbutalsoenhancestheoverallstabilityofthedevice.By

allowingforadjustabilityandemployingeffectiveinsulationandarobustclamp

mechanism,theGREENV Deviceguaranteesareliableandsecureconnectionto

differenttailpipesizes,accommodatingvariousmachineryandvehicleswithease.
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Figure8:SlidableOutergrid

3.1.1.4WorkingPrinciple:

WhentheexhaustenterstheGREENV Devicefrom theclampend,afascinating

electrostaticphenomenonunfolds.Thecarbonsootparticlespresentintheexhaust,

initiallyuncharged,undergoatransformation.Astheypassthroughthepositively

chargedgrid,theparticlesacquireapositivechargethemselves.Thischargereversal

isfacilitatedbytheattractiveforcesbetweenthepositivelychargedgridandthe

carbonsootparticles.

Asthepositivelychargedparticlesmovefurtherintothedevice,theyencounterthe

copperrodrunningalongthedevice'saxis.Thepresenceofthepositivelycharged



3
4

copperrodgeneratesarepulsiveforcethatactsuponthecarbonsootparticles.This

repulsionpreventstheparticlesfrom clingingtotherod,enablingthem tocontinue

theirjourneydeeperintothedevice.

Meanwhile,theGREENVDeviceemploysanegativelychargedcylinder,createdbythe

voltagemodule,positionedparalleltothecopperrod.Thisnegativelychargedcylinder

exertsapowerfulelectrostaticforceofattractiononthepositivelychargedcarbon

sootparticles.Thisforcedrawstheparticlestowardtheinternalsurfaceofthedevice,

despitetherepulsionfrom thecopperrod.

Asaresultofthisinterplaybetweenforces,thepositivelychargedcarbonsoot

particles accumulate on the internal surface of the GREENV Device. The

accumulationoccursduetothestrongattractionexertedbythenegativelycharged

cylinder,effectivelycapturingandcontainingtheairpollutionwithinthedevice.

Byharnessingtheprinciplesofelectrostaticforce,chargedistribution,andcareful

positioningofpositivelyandnegativelychargedcomponents,theGREENV Device

successfullyachievesitsobjectiveofcapturingcarbonsootparticlesfrom exhaust

emissions.Thisinnovativedesignplaysavitalroleinreducingairpollutionand

contributingtoagreenerenvironment.

3.1.2HighVoltageRegulatorModule:

TheHighVoltageRegulatorModuleplaysavitalroleintheproject,convertingthe12V

batteryinputintoagradualpotentialdifferenceofupto30kilovolts(kV).Thisis

accomplishedthroughawell-designedcircuit,includingaflybacktransformerand

safetyfeaturessuchasaninsulatedenclosure,voltageregulationknobs,andan

ON/OFF switch.The module enables precise controland reliable operation,
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facilitatingtheeffectivefunctioningoftheGREENVDeviceincapturingcarbonsoot

particlesfrom exhaustemissions.

Figure9:HighVoltageModuleRegulator

3.1.2.1 CircuitDesign:

TheHighVoltageRegulatorModuleutilizesasophisticatedcircuitdesigntoattainthe

desired potentialdifference.Centralto thecircuitisa flybacktransformerthat

facilitatestheconversionofpolaritybetweenAC andDC.Additionally,thecircuit

incorporates components thateffectively reduce the currentfrom amperes to
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milliamperes,resultinginanamplifiedoutputpotentialdifference.Toensuresafety

andprotection,theentirecircuitisenclosedwithinasturdyandwell-insulatedbox

constructed from Bakelite material.Thisenclosure safeguardsagainstpotential

electricalhazardsandprovidesasecureoperatingenvironmentforthemodule.

3.1.2.2 ControlFeatures:

TheHighVoltageRegulatorModuleisdesignedwitharangeofcontrolfeaturesto

ensurepreciseandsafeoperation.Thesefeaturesenhancetheflexibilityandusability

ofthemodule.Locatedconvenientlyoutsidethecircuitbox,themoduleincludesa

voltageregulationrotaryknobandafrequencyregulatoryknob.Theseknobsallow

operatorstomakeadjustmentstotheoutputvoltageandfrequency,enablingfine-

tuningofthemodule'sperformancetomeetspecificrequirements.

Byintegrating thesecontrolfeatures,theHighVoltageRegulatorModuleoffers

operatorsacomprehensiverangeofoptionstoregulateandcustomizetheoutput

voltageandfrequency.Thispromotesflexibility,efficiency,andsafetyintheoperation

ofthemodule,supportingitsseamlessintegrationwiththeGREENVDeviceandthe

overallgoalofcapturingcarbonsootparticlesfrom exhaustemissionstocreatea

greenerandhealthierenvironment.
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3.1.2.3 Measurement:

TomeasurethepotentialdifferencegeneratedbytheHighVoltageRegulatorModule,

ahigh-voltagetestingprobeisrequired.Thisprobeisspecificallydesignedtohandle

highvoltagessafelyandaccurately.Byconnectingthepositiveterminalofastandard

digitalmultimetertothecopperrodandthenegativeterminaltothestainless-steel

cylinderthroughaknoborsimilarconnectionpoint,thepotentialdifferencecanbe

measured.Thissetupallowsfortheprecisemonitoringandverificationoftheoutput

voltage produced bythe module.Using a digitalmultimeteras the measuring

instrumentensuresreliableandconvenientmeasurementofthepotentialdifference,

providingvaluablefeedbackontheperformanceandstabilityofthemodule.

Figure10:ControlButtons
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3.2 DesignParameters

3.2.1GREENVDeviceParameters:

3.2.1.1 DimensionsandConstruction:

TheGREENVdevicewas12incheslongandconsistedofastainless-steelhollow

cylinderwithathicknessof1mm.Thecylinderhadadiameterof4inchesandwas

madeofstainless-steelmaterial.Toensureinsulation,thecylinderwaswrappedwith

thickrubbermaterial.Abakelitehandlewasaddedtotheoutersideofthedevicefor

convenienthandling.

3.2.1.2 ElectrostaticChargingMechanism:

InsidetheGREENV device,thereweretwostainlesssteelcirculargrids.Thegrid

locatedclosertothetailpipewaspositivelychargedusingthevoltagemodule.A

copperrodwasattachedtothecenterofthisgrid,extendingalongtheaxisofthe

Figure11:BodyofStainlessSteel
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device.Therodwascarefullyinsulatedfrom thesecondgrid,allowingthechargeto

beconfinedtoitsintendedpath.

3.2.1.3 SlidableOuterGridandInsulatedInnerGrid:

TheGREENVdevicefeaturedanoutergridthatcouldbeslidinandout.Theinnergrid,

whichwasinsulatedfrom itsoutersurface,waspositionedatadistanceof2inches

from the12-inchnegativelychargedcylinder.Aspeciallydesignedclampmechanism

wasincorporatedtosecurelyfastenthedevicetotailpipesofdifferentdiameters.The

clampmechanism hadalayerofhardinsulatedrubbertopreventshort-circuiting,as

thebodiesofvehiclesandindividualswerenegativelycharged.

3.2.1.4 CarbonSootParticleAccumulation:

Astheexhaustgasesenteredthedevicethroughtheclampend,thecarbonsoot

particleswithintheexhaustwerepositivelycharged bytheinternallypositioned

positivelychargedgrid.Thepositivecopperrod,runningalongtheaxis,repulsed

thesechargedparticles.Simultaneously,thenegativelychargedcylinderexertedan

electrostaticforceofattraction,causingtheparticlestoaccumulateontheinternal

surfaceofthedevice.

3.2.2 HighVoltageRegulatorModuleParameters:

3.2.2.1 PotentialDifferenceGeneration:

The high-voltage regulatormodule was responsible forgenerating a potential

differenceofupto30kilovolts(kV).Despitehavinganormal12Vbatteryinput,the
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modulewasdesignedtoconverttheinputvoltageandgraduallyincreaseittothe

desiredoutputpotentialdifference.Acomplexcircuit,includingaflybacktransformer,

wasdevelopedtoachievethis.

3.2.2.2 CurrentReductionCircuit:

Toenablethedesiredpotentialdifference,acircuitwasimplementedtoreducethe

currentfrom amperestomilliamperes.Thisreductionwasnecessarytoincreasethe

outputpotentialdifferenceeffectively.Thecircuit,enclosedwithinawell-insulated

Bakelitematerialbox,containedvariouscomponentstoregulateandcontroltheflow

ofelectricity.

3.2.2.3 ControlFeaturesandSafetyMeasures:

Figure12:CircuitDiagram onLive-Wire
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Themodulefeaturedavoltageregulationrotaryknobandafrequencyregulatory

knobontheexteriorofthecircuitbox.Additionally,ashifterfrom lowvoltagetohigh

voltageandanON/OFFswitchwereincludedforsafetypurposes.A high-voltage

testingprobewasintegratedintothedesigntofacilitatethemeasurementofthe

potentialdifferenceusingastandarddigitalmultimeter.

3.2.2.4 TerminalConnections:

Inordertocompletethesystem,thepositiveterminalofthehighvoltageregulator

modulewasconnectedtothecopperrodwithintheGREENVdevice.Thisensured

thatthepositivelychargedcarbonsootparticlescapturedbythedevicewouldbe

properly managed.The negative terminal,controlled by a knob,was directly

connectedtothestainless-steelcylinderoftheGREENVdevice,completingthecircuit.

3.3MaterialSelection

3.3.1 GREENVDevice:

3.3.1.1 StainlessSteel(HollowCylinder):
TheGREENV devicefeaturesa12-inch-longstainless-steelhollow cylinderwitha

thicknessof1mm andadiameterof4inches.Stainlesssteelischosenforits

excellentpropertiessuchashighstrength,corrosionresistance,andheatresistance.

Figure13:Stainless-Steel(forHollowCylinder)
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Itcanwithstandthehightemperaturesandcorrosivenatureofexhaustgasesemitted

from vehicles,generators,anddieselengines.Thechosengradeofstainlesssteel

shouldberesistanttooxidationandchemicaldegradationcausedbytheexhaust

gasestoensurethelongevityandeffectivenessofthedevice.

3.3.1.2 Rubber(Insulation):

Toinsulatethestainless-steelcylinderfrom theexternalenvironment,thickrubberis

utilized.Therubbermaterialusedshouldhavehigh-temperatureresistanceandbe

capableofprovidingeffectiveelectricalinsulation.Itensuresthatthedeviceremains

electricallyisolatedfrom thesurroundingcomponentsandminimizesanypotential

safetyhazards.Therubberinsulationalsoactsasaprotectivebarrier,safeguarding

theusersfrom accidentalcontactwiththechargedcomponentsinsidethedevice.

3.3.1.3 Bakelite(HandleandClamp):

Figure14:RubberInsulation
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TheGREENVdeviceincorporatesahandleandaclampmechanism madeofBakelite.

Bakeliteisatypeofthermosettingplasticknownforitsexcellentelectricalinsulation

properties and high mechanicalstrength.Itoffers superiorelectricalinsulation,

makingitsuitableforhandlingthedeviceduringinstallationandoperation.The

bakelite handle provides a safe and insulated grip forusers,while the clamp

mechanism allows the device to be securely attached to tailpipes ofvarious

diameters.Itensuresthattherearenoissuesofshort-circuitingbetweenthedevice

andthenegativelychargedvehicleormachinerybodies.

3.3.1.4 Copper(RodandGrids):

InsidetheGREENVdevice,therearetwostainlesssteelcirculargridslocatedatboth

ends.Thegridclosertothetailpipeispositivelycharged,andacopperrodisattached

toitscenter.Copperisselectedforitsexcellentelectricalconductivity,whichallows

forefficientcharging,repulsionofparticles,andaccumulationofchargedparticleson

Figure15:BakeliteInsulator
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theinternalsurfaceofthedevice.Thecopperrod,runningalongtheaxisofthedevice,

serves as a conductorforthe positive charge and facilitates the repulsion of

positivelychargedsootparticles.Itensureseffectiveparticlecaptureanddeposition

ontheinternalsurfacesofthedeviceforfurtherprocessing.

3.3.2 HighVoltageRegulatorModule:

3.3.2.1 Bakelite(Enclosure):

Thehigh-voltageregulatormoduleisenclosedinaboxmadeofbakelite.Bakelite,as

athermosettingplastic,exhibitsexceptionalelectricalinsulationproperties,makingit

an idealchoiceforencasing thecircuitryofthemodule.Itcan withstand high

voltageswithoutcompromisingtheintegrityoftheenclosure.Thebakeliteenclosure

ensuresthatthecircuitcomponentsandwiringareprotectedfrom externalelements

andminimizestheriskofelectricalshocktousers.Italsoprovidesmechanical

strengthandstabilitytothemodule.

3.3.2.2 VariousCircuitComponents:

Thehigh-voltageregulatormodulecomprisesvariouscircuitcomponentsthatare

essentialforgeneratingthedesiredpotentialdifference.Thesecomponentsmay

include resistors,capacitors,diodes,transistors,integrated circuits,and other

necessaryelectroniccomponents.Thespecificmaterialsusedforthesecomponents

willdependontheirindividualcharacteristicsandrequirements,suchasconductivity,

temperatureresistance,andvoltagerating.Copperiscommonlyusedforwiringdue

toitsexcellentelectricalconductivity.Ceramicmaterialsareoftenemployedfor
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capacitorsduetotheirstabilityandhighdielectricconstant.Siliconisacommon

choicefordiodesandtransistorsduetoitssemiconductorproperties.

3.3.2.3 FlybackTransformer:

Thehigh-voltageregulatormoduleincorporatesaflybacktransformertoachievethe

desiredvoltagetransformation.Thecoreoftheflybacktransformeristypicallymade

Figure16:CircuitComponents

Figure17:FlybackTransformer
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ofaferritematerial.Ferritematerialspossesshighmagneticpermeability,which

allowsforefficientenergytransferandvoltagetransformationwithinthetransformer.

The ferrite core helpsto concentrate and controlthe magneticfields,enabling

effectivevoltageconversionfrom theinputbatteryvoltageto therequired high

potentialdifference.Thespecifictypeandcompositionoftheferritematerialusedin

thecorewilldependonfactorssuchasthedesiredoperatingfrequency,power

requirements,andefficiencyofthetransformer.

3.4DesignCalculations

3.4.1 GREENVDevice:

3.4.1.1 CalculationofSurfaceArea:

TodeterminethesurfaceareaoftheGREENVdevice,weneedtocalculatetheareaof

thestainless-steelhollowcylinder.Theformulaforcalculatingthesurfaceareaofa

cylinderis:

SurfaceArea=2πrh+2πr̂2

Where:

ristheradiusofthecylinder(halfthediameter)

histheheightorlengthofthecylinder

Forexample,ifthediameterofthecylinderis4inches(radius=2inches)andthe

lengthis12inches,thesurfaceareawouldbe:

SurfaceArea=2π(2)(12)+2π(2)̂2

SurfaceArea=48π+8π
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SurfaceArea=56πsquareinches

3.4.1.2 CalculationofElectrostaticForce:

Theelectrostaticforcebetweenthenegativelychargedcylinderandthepositively

chargedcarbonsootparticlescanbecalculatedusingCoulomb'sLaw:

ElectrostaticForce=(k*q1*q2)/r̂2

Where:

 kisCoulomb'sconstant

 q1andq2arethechargesoftheinteractingobjects

 risthedistancebetweenthecharges

Theforcewilldependonthechargeontheparticles,whichcanvary.Thevalueofkis

approximately8.99x10̂9Nm 2̂/Ĉ2.

3.4.1.3 ClampMechanism Design:

Thedesignoftheclampmechanism shouldensureasecureattachmenttotailpipes

ofvariousdiameters.Theclampshouldhavesufficientclampingforcetoholdthe

GREENVdeviceinplacewithoutdamagingthetailpipe.Theclampingforcecanbe

calculatedusingtheformula:

ClampingForce=CoefficientofFriction*NormalForce

Where,
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ThecoefficientofFrictionisthefrictioncoefficientbetweentheclampandthe

tailpipe

NormalForceistheforceappliedperpendiculartothesurface(weightoftheGREENV

device)

Theselectionofappropriatematerialsandtheconsiderationoffactorssuchas

friction coefficientsand safetymarginsare crucialin the design ofthe clamp

mechanism.

3.4.2 HighVoltageRegulatorModule:

3.4.2.1 CalculationofVoltageStep-UpRatio:

Toachieveapotentialdifferenceof30kilovolts(kV)from a12Vbatteryinput,astep-

uprationeedstobedetermined.Thestep-upratiocanbecalculatedusingthe

formula:

Step-UpRatio=V_out/V_in

Where:

 Voutisthedesiredoutputvoltage(30kV)

 Vinistheinputvoltage(12V)

Inthiscase,thestep-upratiowouldbe:

Step-UpRatio=30,000V/12V=2500

Thismeansthatthemoduleneedstostepupthevoltagebyafactorof2500.

3.4.2.2 CalculationofCurrentReduction:
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To reducethecurrentfrom amperesto milliamperes,appropriateresistorsand

circuitsshould bedesigned.Thespecificcalculationsforcurrentreduction will

dependonthecircuitryandcomponentsused.Ohm'sLaw(V=I*R)canbeappliedto

determinetheresistorvaluesnecessarytoachievethedesiredcurrentreduction.

3.4.2.3 CalculationofPowerDissipation:

Powerdissipationisanimportantconsiderationto ensurethatthecomponents

withinthehighvoltageregulatormodulecanhandlethepowerrequirements.Power

dissipationcanbecalculatedusingtheformula:

PowerDissipation=VoltageDrop*Current

Where:

VoltageDropisthevoltagedifferenceacrossthecomponent

Currentisthecurrentflowingthroughthecomponent

Propercomponentselectionandheatdissipationmeasuresshouldbeimplemented

tohandlethepowerdissipationinthehighvoltageregulatormodule.Thepower

dissipationcanbecalculatedusingtheformula:

PowerDissipation=VoltageDrop*Current

Forexample,ifacomponentwithinthemodulehasavoltagedropof10voltsanda

currentof100milliamperes(0.1amperes),thepowerdissipationwouldbe:
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 PowerDissipation=10V*0.1A

 PowerDissipation=1Watt

Itisimportanttoensurethattheselectedcomponentscansafelyhandlethepower

dissipationtopreventoverheatinganddamage.

3.4.2.4 CalculationofFlybackTransformerTurnsRatio:

Theturnsratiooftheflybacktransformeriscrucialforachievingthedesiredoutput

voltage.Theturnsratiocanbecalculatedusingtheformula:

TurnsRatio=Vout/Vin

Where:

 Voutisthedesiredoutputvoltage(30kV)

 Vinistheinputvoltage(12V)

Forinstance,ifthedesiredoutputvoltageis30kVandtheinputvoltageis12V,the

turnsratiowouldbe:

TurnsRatio=30,000V/12V=2500

Thismeansthatthesecondarywindingshouldhave2500turnsforeveryturninthe

primarywinding.

3.4.2.5 CalculationofVoltageRegulationandFrequencyControl:
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Thevoltageregulationandfrequencycontrolknobsonthemodulecanbedesigned

toadjusttheoutputvoltageandfrequencyasneeded.Thespecificcalculationsfor

voltageregulationandfrequencycontrolwilldependonthecircuitryandcomponents

used.Theseadjustmentscanbeachieved throughtheincorporationofvariable

resistors,capacitors,orfrequencycontrolcircuits.

3.5Drawing

Thisreportaimstoprovideanoverviewofthedrawinganddesignconsiderationsfor

theGREENVdeviceandthehigh-voltageregulatormodule.Thesetwocomponents

playa crucialrole in capturing carbon sootparticles from exhaustgases and

generatingthenecessaryhighpotentialdifferenceforeffectiveoperation.Proper

drawinganddesignpracticesareessentialtoensurethefunctionality,safety,and

reliabilityofthesecomponents.

3.5.1 GREENVDeviceDrawingandDesign:
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The GREENV device is designed to seamlessly retrofitonto exhausttailpipes,

capturingcarbonsootparticlesemittedfrom vehicles,generators,anddieselengines.

ThedrawinganddesignoftheGREENVdeviceinvolveseveralkeyconsiderations:

Figure18:IsometricView
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Figure19:BackView

Figure20:FrontView
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3.5.2High-VoltageRegulatorModuleDesign:
Thehigh-voltageregulatormoduleisresponsibleforgeneratingtherequiredpotential

differenceofupto30kilovolts(kV)from a12V input.Thedrawinganddesign

considerationsforthismoduleinclude:

3.5.2.1LivewireCircuit

Figure21:DrawingViews

Figure22:LivewireCircuitON
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3.5.2.2ProteusCircuit:

Figure23:ProteusCircuit
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CHAPTER04:EXPERIMENTATION,RESULTSANDANALYSIS

4.1Experimentation

4.1.1TestingofHighVoltageRegulationModuleonPaintDropletsandPaperAsh
Particles

Thishigh-voltagemoduleiscapableofregulatingthevoltagefrom 0to85kilo-volts.

Thisrangeisdividedinto2subranges(0to50kVand50to85kV).Thesesub-ranges

canbeactivatedwiththehelpofaswitchtointerconvertbetweenhighvoltageand

lowvoltage.

Upon completing this module,we started testing its working,regulation,and

electrostaticability.Inordertoperform theexperiment,weusedtwosteelelectrodes

Figure25:Figure24:ExperimentSetup
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(anodeandcathode)toconnecttheoutputterminalsofthemodule.Amultimeter

wasconnectedviaanHTprobetoreadthevoltagecomingoutofthemoduleandthe

experimenthadbeenperformedunder2differentcombinations.

Inthefirstcombination,weputoneendoftheanodeinapaintboxandplacedit

straightonatablelikeacantileverbeam,wherethepaintdropletsstarteddippingoff

from itssurface.Awhitepaperwaswrappedaroundthesurfaceofthecathodeandit

wasalsoplacedparalleltotheanodewithaperpendicularspacingof1inch.

Inthesecondcombination,everyconditionremainedthesamebutinsteadofdipping

theanodeinpaint,weputsomepaperashparticlesontheflatsurfaceoftheanode.

Theexperimentproceedsasfollows:

 Firstofall,a12Vbatterywasconnectedtotheinputsuppliesofthemodule.

 Thepositiveterminalofthemodulewasconnectedtotheanodeandthe

negativeterminaltothecathode.

Figure25:ChargedSteelElectrodes
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 Themainswitchwasturnedonandsettheotherswitchatthelow voltage

range.

 Voltagestartedincreasing,byrotatingtheregulationknobintheclockwise

direction.

Observationsfrom theexperiment:

1.Paintdroplets:-Atavoltageof35kV,thepaintdropletsontheanode'ssurface

startexperiencing a force ofattraction from the cathode.This force of

attractionincreasesasthevoltageisfurtherincreased.

2.Paperashparticles:- Similarly,withashparticlesontheanode'ssurface,the

particlesstarttravelingfrom theanodetothecathodeatavoltageof32kV.

Theseashparticlesgetdepositedonthewhite-wrappedpaperaroundthe

cathode'ssurface.Asthevoltageisfurtherincreased,theforceofattraction

betweentheelectrodesalsoincreases.

Figure26:CollectedAshParticles
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4.1.2. 2ndPHASEOFTESTING(MOTORBIKE)

Thetestingprocessforthemotorbikesilencerusingthehigh-voltageregulation

moduleisasfollows:

1.High-voltageregulationmodule:Thehigh-voltageregulationmoduleplaysa

crucialroleinthissetup.Itgeneratesacoronacharge,whichisahigh-

voltageelectricaldischargethatoccursinthepresenceofastrongelectric

field.Thiscoronachargeiscreatedbyapplyingahighvoltage(upto30kV

inthiscase)tothemodule.Thestrongelectricfieldgeneratedbythe

coronachargeisinstrumentalinattractingandcapturingparticlespresent

inthesurroundingenvironment.

2.Coronachargingandsootparticlecapture:Astheexhaustgasespass

throughthemotorbikesilencer,theycarryvariousparticulatematterPM 2.5,

Figure27:TestingonMotor-Bike
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including black sootparticles.When the high-voltage module being

regulatedthecoronachargekeepsincreasingaccordinglyanditattractand

capturesthesesootparticles.

3.Stainlesssteelcircularplate:stainless-steelcircularplateismountedon

motorbike silencer.Innersurface ofthis plate serves as a collection

surfaceforthecapturedsootparticles.Asthesootparticlesdeviatedueto

the electric field,theygetstick with the stainless-steelplate due to

oppositechargebetweenrodandcircularplate.

4.Filteringandresiduecollection:Overtime,astheexhaustgasespass

throughthesilencer,sootparticlesarebeingrepelledbyrodandcontinue

togetaccumulateonthestainless-steelcircularplate.Thisprocessactsas

afilter,preventingthemajorityofthesootparticlesfrom beingexpelled

intotheatmosphere.Instead,theparticlesremainadheredtotheplate's

surface.

5.Cleanerexhaustoutput:Bycapturingandcollectingtheblacksootparticles,

thehigh-voltageregulationmodulesignificantlyreducestheamountof

sootexpelledintheexhaustgases.Thisresultsinacleanerexhaustoutput,

withareducedemissionofharmfulparticulatematterintotheenvironment.

Thisprocessactsasa filter,leading to a cleanerexhaustoutputby

reducingtheemissionofsootparticlesintotheenvironment.
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4.1.3 3rdPhaseofTesting(DieselBus)

Thetestingprocessforthemotorbikesilencerusingthehigh-voltageregulation

moduleisasfollows:

1.High-voltageregulationmodule:Thehigh-voltageregulationmoduleisutilized

togenerateacoronachargebyapplyingahighvoltage(upto30kV)tothe

module.Thiscoronachargecreatesastrongelectricfieldthatattractsand

capturesparticlespresentin the surrounding environment,including soot

particles.

2.Coronachargingandsootparticlecapture:Astheexhaustgasesfrom thebus

passthroughthesilencer,theycarryparticulatematter,includingblacksoot

particles.Thehigh-voltagemodule,withthecoronachargeactive,generatesa

strongelectricfieldaroundit.Thiselectricfieldattractsandcapturesthesoot

particlespresentintheexhaustgases.

Figure28:TestingonDieselBus
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3.Stainless steelcircularplate:Similarto the motorbike silencertesting,a

stainless-steelcircularplateismountedinsidethebussilencer.Theinner

surfaceofthisplateservesasacollectionsurfaceforthecapturedsoot

particles.Duetotheoppositechargebetweentherodandthecircularplate,

thesootparticlesarerepelledbytherodandgetstucktothesurfaceofthe

stainless-steelplate.

4.Filteringandresiduecollection:Duringthetestingprocess,astheexhaust

gasespassthroughthebussilencer,thesootparticlesareattractedtothe

high-voltagemoduleandrepelledbytherod,causingthem toaccumulateon

thestainless-steelcircularplate.Overtime,theplateactsasafilter,preventing

themajorityofthesootparticlesfrom beingreleasedintotheenvironment.

Instead,theyadheretothesurfaceoftheplate.

5.Cleaningwithpaper:Afterthe1-minutetestingperiod,thecleaningprocessis

performedusingpaper.Thepaperisusedtowipethesurfaceofthestainless-

steelcircularplate,removingtheaccumulatedsootparticles.Thepresenceof

thesootonthepaperconfirmstheeffectivenessofthehigh-voltageregulation

moduleincapturingandcollectingtheparticles.

6.Cleanerexhaustoutput:Bycapturingandcollectingtheblacksootparticles,

thehigh-voltageregulationmodulesignificantlyreducestheemissionofsoot

in the bus'sexhaustgases.Thisleadsto a cleanerexhaustoutputand

contributestoareductioninthereleaseofharmfulparticulatematterintothe

environment.
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4.1.4 4thPhaseofTesting(GASANALYZER)

TheTestingprocessperformedonagasanalyzerwhenaGREENVdeviceismounted

ontheexhausttailpipeofadieselengine.Theobjectiveistomeasuretheemissions

ofhydrocarbons(HC),carbonmonoxide(CO),carbondioxide(CO2),andnitrogen

oxides(NOx)andobservetheimpactoftheGREENV deviceonreducingthese

emissions.

1.Testingsetup:Thegasanalyzer,capableofmeasuringvariousemissions

includingHC,CO,CO2,andNOx,ismeasuringexhaustgasesratiosofadiesel

Figure30:Figure29:ExperimentalSetupinLab
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engine.Initially,theengineisstartedwithoutanyadditionaldevicesattachedto

thetailpipe.

2.Baselineemissionsmeasurement:Thegasanalyzermeasuresanddisplays

thelevelsofHC,CO,CO2,andNOxemittedbythedieselenginewithoutthe

GREENVdevice.Thesereadingsserveasthebaselineforcomparison.

3.Mounting the GREENV device:The GREENV device,designed to reduce

emissions,ismountedontheexhausttailpipeofthedieselengine.Ituses

electrostaticfiltertominimizethereleaseofpollutants.

Figure31:ResultsWith&WithoutGREENVDeviceFigure30:ResultsWith&WithoutGREENVDevice
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4.EmissionsmeasurementwiththeGREENVdevice:AftermountingtheGREENV

device,thegasanalysercontinuestomonitortheemissionsofHC,CO,CO2,

and NOx.The readings are observed and compared to the baseline

measurementstakenwithoutthedevice.

5.Analysisofresults:Uponanalysingtheemissionsmeasurements,itisclearly

visiblethatthelevelsofHC,CO,CO2,andNOxaresignificantlyreducedwhen

theGREENVdeviceisattachedtotheexhausttailpipe.Thespecificreduction

inemissionswilldependontheeffectivenessanddesignoftheGREENV

device.

6.Explanationofemissionreduction:TheGREENVdeviceutilizesitshighvoltage

chargetofacilitatetheremovalofharmfulcomponentsfrom theexhaust

gases.Thiscanleadtoareductioninthelevelsofhydrocarbons,carbon

monoxide,carbondioxide,andnitrogenoxidesemittedbythedieselengine.

7.Environmentalimpact:ThereductioninemissionsachievedbytheGREENV

devicehaspositiveenvironmentalimplications.Ithelpstolowerairpollution

and improve airqualitybyminimizing the release ofpollutants into the

atmosphere.

Insummary,thetestingprocessinvolvesconnectingagasanalysertoadieselengine

andmeasuringtheemissionsofHC,CO,CO2,andNOx.BymountingtheGREENV

device on the exhausttailpipe,itis observed thatthe emissions levels are

significantlyreducedcomparedtothebaselinemeasurements.TheGREENVdevice
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incorporatestechnologiesthatcontributetotheconversionorremovalofpollutants,

leadingtoacleanerandmoreenvironmentallyfriendlyexhaustoutput.
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CHAPTER05:CONCLUSION&FUTURERECOMMENDATION

5.1Conclusion

Inourproject,"GreenandHealthyEnvironmentbyminimizingcarboncontaminants

throughexhaustgases,"wesuccessfullytackledrisingairpollution,whichleadsto

globalwarmingandclimatechange.ByintroducingtheinnovativeGREENVdevice

andhigh-voltageregulatormodule,weachievedremarkableresultsincapturingair

pollutionfrom exhausttailpipesandutilizingitfortheproductionofvaluableproducts,

contributingtoacirculareconomy.

The GREENV device,a 12-inch stainlesssteelcylinder,played a crucialrole in

capturingcarbonsootparticlesemittedbyvehicles,generators,andmachinery.By

utilizingtheprincipleofelectrostaticforce,thedeviceattractedandaccumulated

theseparticlesonitsinternalsurface.Withitsretrofittabledesign,theGREENVdevice

could beeasilyattached to exhausttailpipes,making itapracticalsolutionfor

reducingairpollution.

TosupportthefunctionalityoftheGREENV device,wedevelopedahigh-voltage

regulatormodulecapableofgeneratingahighvoltagepotentialdifference.This

modulefeaturedacomplexcircuitdesign,includingaflybacktransformer,which

efficientlyconvertedACtoDCandviceversa.Withsafetyfeaturesandregulation

controls,themoduleensuredstableandcontrolledoperation,enablingtheeffective

functioningoftheGREENVdevice.

5.2FutureRecommendations
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 ThisprojectisworkingonDC suppliesofbattery.IfanAC supplycanbe

preparedthatcanworkonACvoltageinput,thenthisdevicecanbeattached

togeneratorsaswellandwearealreadyworkingonit.

 Collaborate with relevant stakeholders, such as government bodies,

environmentalorganizations,andindustries,topromotetheadoptionofthe

GREENV device as a standard emission controltechnology and explore

incentivesforimplementation.

 FurtherenhancethedesignoftheGREENVdevicetoaccommodateawider

rangeofexhausttailpipesizesand types,ensuring itscompatibilitywith

variousvehicles,generators,andmachinery.

 Investinresearchanddevelopmenttoidentifyadditionalvaluableproducts

thatcanbeproducedusingthecapturedcarbonsootparticles,expandingthe

possibilitiesforasustainablecirculareconomy.

 Raiseawarenessthroughtargetedcampaigns,educationprograms,andpublic

engagementinitiativestohighlightthedetrimentaleffectsofairpollution,the

significanceofemissionreductiontechnologiesliketheGREENVdevice,and

theimportanceofindividualandcollectiveactionstocombatclimatechange.
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