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ABSTRACT

Thegrowingneedtoreducerelianceonfossilfuelshaspromptedexplorationof

biomassasasustainableenergysource.Maichew ParticleBoardFactory,asister

companyofEFFORT,producing3,360tonsofsawdustannually,hasuntappedpotential

toutilizebiomassforenergygeneration.Thisstudyaimstoperformamassandenergy

balanceanalysisonthefactory'sburner,optimizetheair-to-fuelratio,andidentify

challengesintransitioningtobiomassastheprimaryfuel.Acombustionanalysiswas

conductedusingthefuelcombustionequation,andoptimizationoftheair-to-fuelratio

wascarriedoutusingMicrosoftExcelSolver.

Theanalysisrevealedthattheburnerconsumes376.95kgofsawdustperhourand

6,180.9kgofairperhour,producing5,791.5MJ/hroffluegasenergyforthedryer.

Thefindingsunderscorethefactory'scapacitytoutilizesawdusteffectivelyasfuel,

offeringapathwaytoreducefossilfueldependenceandenhanceenergyefficiencyin

biomass-basedoperations.
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CHAPTERONE

1.INTRODUCTION

1.1Backgroundofthestudy

Bioenergyisarenewableenergysourcederivedfromlivingorganisms,suchasplants

andanimals,andtheirbyproducts.Thisincludesplantresidues,humanwaste,animal

dung,agriculturalwaste,cropresidues,forestryresources,fuelwood,municipalsolid

waste,andsewagesludge.Amongthese,sawdustabyproductofthesawmilling

industryisoftenregardedastimber-industrialwaste.Ifnotproperlymanaged,itcan

contributetosignificantenvironmentalpollution.However,sawdusthasgreatpotential

tobetransformedintoavaluablefuelsource,eitherbyburningitdirectlyorconvertingit

intofuelgas,contributingtosustainableenergyproduction[1,2].

A.GlobalContext

Globally,biomassenergyhasbecomeasignificantcomponentoftherenewableenergy

mix.According to the InternationalEnergy Agency (IEA),biomass provides

approximately10%oftheglobalenergysupply,withitsshareexpectedtogrowas

countriesstrivetomeetambitiousdecarbonizationgoals.Bestpracticesinbiomass

combustionhaveemergedacrosstheworld,focusingonreducingemissions,improving

combustionefficiency,andpromotingwaste-to-energy(WtE)solutions.Countrieslike

SwedenandFinlandleadinbiomassutilization,convertingforestryresiduesintoheat

andpowerthroughadvancedcombustionsystems.[3,5]

Waste-to-energypoliciesareplayingapivotalroleinfosteringtheadoptionofbiomass

energy.Manynations,includingthoseintheEuropeanUnion,haveimplementedstrict

regulationsonwastedisposal,incentivizingindustriestoturnorganicwasteintoenergy.

Advancedbiomasscombustiontechnologies,suchasfluidizedbedcombustionand

gasification,arebecomingstandardpracticeforimprovingenergyefficiencyand

reducingenvironmentalimpact.[3,4]

B.NationalandRegionalContext

InEthiopia,biomassremainsthedominantenergysource,contributingtoover90%of
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thetotalenergyconsumption.Traditionalbiomass,includingfuelwoodandagricultural

residues,isprimarilyusedforhouseholdcookingandheating.However,thetransition

tomodernbiomassenergysystemshasbeenslowduetotechnological,economic,and

policychallenges.Thecountryhassignificantpotentialforbiomassenergygeneration,

particularlythroughsawdust,agriculturalwaste,andmunicipalsolidwaste.Policies

suchasEthiopia'sNationalEnergyPolicyemphasizerenewableenergydevelopment,

including biomass,to reduce reliance on imported fossilfuels and mitigate

environmentaldegradation.[1,2]

Regionally,theTigrayregion,wheretheMaichewParticleBoardFactoryislocated,

producessubstantialamountsofforestryand sawmillbyproducts.Despite the

availabilityofsawdust,itsutilizationremainslimited,withmuchofitdiscardedaswaste.

TransformingthisbyproductintoaprimaryenergysourcealignswithEthiopia's

sustainabledevelopmentgoalsandoffersopportunitiesforindustrialefficiencyand

environmentalbenefits.[1,2,9]

C.ChallengesandOpportunities

Theadoptionofbiomassenergyfacesseveralchallenges,includingthelackofefficient

combustion technologies,limited awareness ofbiomass energy benefits,and

insufficientinfrastructureforwastecollectionandprocessing.Furthermore,technical

issuessuchasthehighmoisturecontentandvaryingparticlesizesofbiomass

complicateitscombustionprocess.[6,7]

However,thesechallengesareaccompaniedbysignificantopportunities.Theshift

towardrenewableenergysources,supportedbyglobalclimatepolicies,providesan

impetusforbiomassenergydevelopment.Technologicaladvancementsincombustion

systems,suchasco-firingandfluidizedbedburners,enableindustriestoutilize

biomassefficiently.Locally,industriesliketheMaichewParticleBoardFactorycan

capitalizeontheseopportunitiestooptimizetheirenergyusage,reducecosts,and

contributetoacirculareconomybyreusingwasteproducts.[6,8]

Thisthesisinvestigatesthemassandenergybalanceofaburnerutilizingahigh

biomassratiotosupplyheattothefactory’sdryer.Currently,thefactoryemploysaco-
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firingsystem wherefossilfuelsaretheprimaryenergysource,supplementedby

sawdust.Thestudyaimstooptimizetheair-to-fuelratioforimprovedcombustion

efficiencywhilerecommendingadedicatedbiomassburnerforenhancedenergy

production.

Theresearchprovidescriticalinsightsintothepotentialofsawdustcombustionasan

efficientandsustainableenergysolution.Bydeterminingtheoptimalair-to-fuelratio

andanalyzingtheenergyreleasedfrom thefuel,thestudysupportsachievinghigher

efficiencyandcleanerenergyproduction.Thisalignswithglobaleffortstotransition

from fossilfuelstorenewableenergysources,contributingtoEthiopia’senergy

sustainabilityandenvironmentalgoals.

1.2Statementoftheproblem

Fossilfuelresourcesarediminishing,whileglobalenergydemandcontinuestorise.

Therefore,transitioningfrom non-renewabletorenewableenergysourcesisessential

forsustainabledevelopmentinanycountry.MaichewParticleBoardFactory,which

consumeslargeamountsoffossilfuels(dieselandheavyoil)todryitsrawmaterial

(flakesusedinparticleboards),facessimilarchallenges.Thefactoryproduces

significantquantitiesofbyproducts,suchaseucalyptusleaves,branches,andsawdust,

whicharediscardedduetovehicles.

TheMaichewparticleboardfactoryusessawdustasasupplementaryfuelalongside

heavyoilinitsburner.Despitethehigherheatreleaserateofsawdust,thesystem

encounterssignificantoperationalchallengesduetoimproperadjustmentofthe

burner'sparametersfordualfuelusage.Frequentblockagesoccurinthefuelhandling

system,causedbytheaccumulationoflargerbiomassparticlesandashresiduesthat

thecurrentconfigurationcannotefficientlyprocess.Inconsistentcombustionefficiency

leads to incomplete combustion,reducing energyoutput,causing uneven heat

distribution,andaffectingthetemperatureprofilecriticalfordryingandmanufacturing

processes.Moreover,increasedemissionsofpartiallyburnedgases,suchascarbon

monoxideandunburnedhydrocarbons,signalsuboptimalcombustionconditions,

posingenvironmentalandhealthrisks.
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Additionally,theinabilitytomaintainastableair-to-fuelratioresultsinenergyimbalance,

inefficientfuelutilization,and higheroperating expenses.Frequentoperational

interruptionsduetoblockagesandequipmentmalfunctionsfurtherdisruptproduction

schedules.Addressingthesechallengesrequiresrecalibratingburnerparametersto

matchthecombustioncharacteristicsofsawdustandimplementingsystemsto

maximizesawdustfuelusage;therebyimprovingcombustionefficiencyandsystem

reliability.

1.3Objectivesoftheresearch

1.3.1Generalobjective

Thisresearchworkisaimedtooptimizedbiomasscombustionofindustirialburnerby

performingmassandenergybalanceofburner.

1.3.2Specificobjectives

1.Tocalculatetheheatrequiredbythedryer

2.Todeterminetheamountoffluegasandthemassoffuelrequiredintheburner

3.Optimizingairfuelratio

4.Toidentifycofiringtechnicalchallenges

1.4ScopeoftheStudy

Thisstudyfocusesonevaluatingandoptimizingenergyconsumptioninthedryingand

combustionprocessesinvolvedinbiomassco-firingatMaichewParticleBoardFactory.

Itincludesadetailedmassandenergybalanceanalysisofthedryersystem to

determinethepreciseheatrequiredforthedryingprocessandtocalculatethe

correspondingfluegasflow rate.Additionally,acomprehensivemassandenergy

balancewillbeconductedontheburnersystemtoevaluateitsheatoutputrelativeto

thedryer’srequirements.Theoptimizationoftheair-to-fuelratiowillensureefficient



5

combustionandminimizefuelconsumption,takingintoaccountthespecificproperties

ofsawdustastheprimarybiomassfuel.

Thestudyalsoidentifiesandevaluatestechnicalchallengestobiomassco-firing,

focusingontheoreticalanalysisanddatacollectionrelatedtooptimizingtheuseof

sawdustasafuelsource.Furthermore,asituationalanalysiswillbecarriedoutto

determinetheoptimalratioofsawdusttotraditionalfuel,enhancingtheefficiencyand

sustainabilityofthecombustionprocess.Thisresearchislimitedtotheoretical

modeling,data collection,and analysis,and does notextend to experimental

implementationortheevaluationofalternativeenergysystemsbeyondbiomassco-

firing.

CHAPTERTWO

2.REVIEWOFLITERATURES

2.1EnergyfromBiomassFuel

Biomassfuelhasemergedasakeyalternativetotraditionalfossilfuels,offering

renewableandsustainableenergysolutionsinthecontextofgrowingglobalenergy

demandsandenvironmentalconcerns.Biomassenergyreferstotheenergyderived

from organicmaterials,includingplantresidues,wood,agriculturalwaste,andanimal

byproducts.Thisliteraturereviewexploresthehistoricaldevelopment,typesofbiomass

fuel,energyconversionprocesses,challenges,andfutureprospectsofbiomassasan

energysource.[8,9]

Theuseofbiomassasafuelisoneofhumanity'soldestenergysources,predatingthe

useoffossilfuels.Historically,woodwasburnedforheatingandcooking.However,the

modernuseofbiomassforenergyproductionhasevolvedwithadvancesintechnology,

allowingformoreefficientenergyconversion.Theoilcrisesofthe1970ssparked

renewedinterestinbiomassasapotentialalternativetofossilfuels,whichhas

continuedtogrowinthecontextofclimatechangeandenergysecurityconcerns.[9]

Biomassfuelcanbecategorizedintoseveraltypesbasedonthesourcematerial:
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 WoodandWoodyBiomass:Thisincludesfirewood,woodchips,sawdust,and

otherforestryresidues.

 AgriculturalResidues:Theseincludecropwastesuchasstraw,husks,andcorn

stalks.

 AnimalWaste:Manurefromlivestockcanbeusedforbioenergy,particularlyin

biogasproduction.

 MunicipalSolidWaste(MSW):Organicwastefromurbanenvironmentscanbe

convertedtoenergy.

 EnergyCrops:Specificcropslikeswitchgrass,miscanthus,andfast-growing

treesarecultivatedforbiomassproduction.[8,9,10]

2.1.3.EnergyConversionProcesses

Theconversionofbiomasstoenergycanoccurthroughseveralprocesses,broadly

categorizedintothermochemical,biochemical,andmechanicalmethods.

A.ThermochemicalConversion:

Includescombustion,gasification,andpyrolysis.Combustionisthedirect

burningofbiomasstoproduceheatorelectricity.Gasificationconvertsbiomass

intosyngas(amixtureofhydrogenandcarbonmonoxide),whichcanthenbe

usedforpowergeneration.Pyrolysisinvolvesheatingbiomassintheabsenceof

oxygen,producingbio-oil,syngas,andbiochar.[10]

B.BiochemicalConversion:

Includesanaerobicdigestionandfermentation.Anaerobicdigestionbreaksdown

organicmatterintheabsenceofoxygentoproducebiogas(methaneandcarbon

dioxide).Fermentationisusedtoproducebioethanol,particularlyfromsugar-rich
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orstarch-basedbiomasslikecornorsugarcane.[9,11]

C.MechanicalConversion:

Mechanicalprocesses,suchaspressing,canbeusedtoextractbio-oilfrom

cropslikesoybeansorpalmoil,whichcanthenberefinedintobiodiesel.

Thermochemicalprocesses,particularly gasification and pyrolysis,are gaining

popularityduetotheirabilitytoconvertawiderangeofbiomasstypesintocleanenergy

formswithrelativelyhighefficiency.[12]

Biomassenergyhasseveralenvironmentalbenefits,includingitspotentialtoreduce

greenhousegas(GHG)emissions.Unlikefossilfuels,whichreleasecarbonthathas

beenstoredundergroundformillionsofyears,biomassfuelsemitcarbonthatwas

recentlyabsorbedbyplants,makingtheprocesscarbon-neutralwhenmanaged

sustainably.Biomasscanalsoreducewastebyutilizingagriculturalresidues,municipal

waste,andotherorganicmaterialsthatwouldotherwisecontributetolandfills.[13]

Economically,biomassenergycanprovideenergysecuritybyreducingdependenceon

importedfossilfuels,especiallyforruralanddevelopingareas.Itcanalsocreatejobsin

biomasscultivation,processing,andtechnologydevelopment[12,13]

Table1.Majorcategoriesandtypesofbiomassfuel

Woodprocessing

residue

Grown

biomass

Urban wood

residues

Agriculture

residues

In-forest

residues

-Sawdust and

papertrash

-Tree pruning’s

andyardclippings

-Switchgrass

-Hybrid

poplars

-Constructionand

demolitionwood

-Woodandbrush

-Woodwaste

-CornStover

-Ricestrawand

wheatstraw

-Usevegetable

oils

-Clearancewood

-Dead/doomed

trees

-Excesstimber

2.1.1Sawdustbiomass
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Sawdustbiomassreferstotheuseofsawdust—abyproductofwoodprocessing—asa

renewableenergysource.Sawdustisafinepowderymaterialproducedduringactivities

suchassawing,milling,andsandingwood.Itisconsideredaformofbiomassbecause

itisderivedfromorganic,carbon-basedmaterial,specificallywood.[10,13]

KeyFeaturesofSawdustBiomass:

A.AbundantByproduct:Sawdustiscommonlyproducedinlargequantitiesin

industriessuchassawmills,furnituremanufacturing,andconstruction.Instead

ofbeingdiscardedaswaste,sawdustcanberepurposedforenergyproduction.

[14]

B.RenewableEnergySource:Sincesawdustcomesfrom trees,whichcanbe

replantedandregrown,itisclassifiedasarenewablesourceofenergy.This

makesitanenvironmentallyfriendlyalternativetofossilfuels.[14,15]

2.2SawDustPotentialofEthiopia

Thereareapproximately39sawmillsand5to10factoriesproducingplywoodin

Ethiopia,alongwith200to300joineryandfurniturefactoriesoperatingacrossthe

country.Mostofthesawmillsareconcentratedinthesouthernandsouthwestern

regions.However,thetotalnumberofsawmillsandtheirlogintakecapacitiesare

relativelylow,averagingaround3,500cubicmetersperyearpershift.Duetolimited

availabilityofwoodlogs,manymillsoperatebelowtheirnominalcapacity.[15]

Sawdustfromdistantsawmillsacrossthecountryisoftenpiledupordiscarded,leftto

decayduetoitslackofeconomicvalue.IntheOromiaregion,theaverageannual

volumeofwoodprocessedinthesemillsrangesfrom 1,000to3,500cubicmeters.

Accordingtoasurvey,about4,600tonsofsawdustresiduecouldbeproducedannually

from foursawmillsintheregion.Despitetheirdistancefrom majortowns,some

sawmillsmaybeofinterestduetothesignificantamountsofresiduetheyhave

accumulated,astheylackalternativeuses.[16]

AtMaichewParticleBoardFactory,thesawdustgeneratedasabyproductofproduction

totalsaround3,360metrictonsannually[2].Thiswastecanbetransformedintoa

valuableproduct,reducingthecostofdisposalandprovidingeconomicbenefits.[14-16]
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Foryears,theplantdidnotrepurposethesawdustintoaprofitableproductorutilizeit

asfuelforboilersorburners.Althoughthefactoryhasrecentlybegunusingsawdustas

anadditionalfuel,theoperatorsarestillunawareoftheexactquantitiesbeing

consumed.

2.3FuelforCombustion

Combustionoffuelsoccurswhenthefuelreactswithanoxidant.Theprocessof

burning biomass,however,is notyetfullyunderstood oreasilyexpressed in

mathematicalterms.Thiscomplexityarisesfrom theheterogeneityofwoodandthe

intricatemassandheattransfermechanismsthatoccurduringcombustion,alongwith

multiplechemicalreactions.Therefore,understandingthecharacteristicsofbiomass

particlesiscrucialforimprovingcombustionprocesses.[16]

Thecharacteristicsofbiomassparticlesvarydependingonthesourceandtypeof

biomass,butseveralkeypropertiesinfluencetheirbehaviorinenergyproduction

processessuchascombustion,gasification,orpyrolysis.Thesepropertiesdetermine

theefficiency,handling,andoverallperformanceofbiomassasafuel.Belowarethe

maincharacteristicsofbiomassparticles.[17,18]

I.PhysicalProperties

A.ParticleSizeandShape:Biomassparticlescanrangefrom finepowders(like

sawdust)tolargerchunks(woodchipsorpellets).Particlesizeandshapeaffect

thecombustionrate,dryingtime,andeaseoftransportationandstorage.Smaller

particlestypicallyburnfasterduetotheirlargersurfacearearelativetovolume,

whilelargerparticlesrequiremoretimetofullycombust.[16]

B.BulkDensity:Thebulkdensityofbiomassreferstothemassperunitvolume,

includingvoidspacesbetweenparticles.Itinfluencesthefuelhandling,storage,

andtransportationcosts.Low-densitybiomasslikestraworleavesmayrequire

densification(e.g.,intopelletsorbriquettes)toimprovethesefactors.[18]

C.MoistureContent:Biomassoftencontainssignificantmoisture,whichimpacts

itsenergycontent.Highmoisturecontentreducesthecalorificvalue(energy

content)ofthebiomassandrequiresadditionalenergyfordryingbefore
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combustionorgasificationcanoccurefficiently.Typicalmoisturecontentranges

from10%to60%,withanideallevelbelow15%formostcombustionprocesses.

[14,20]

II.ChemicalComposition

A.ElementalComposition:Biomasstypicallycontainscarbon(C),hydrogen(H),

oxygen(O),nitrogen(N),andtraceamountsofsulfur(S)andchlorine(Cl).The

elementalmakeupdeterminestheenergycontentofthebiomassandits

emissions.Atypicalbiomasscompositionmightbearound45–50%carbon,

5–6% hydrogen,and40–45% oxygen.Thepresenceofnitrogen,sulfur,and

chlorinecanleadtotheformationofpollutantslikenitrogenoxides(NOx),sulfur

dioxide(SO2),andhydrochloricacid(HCl)duringcombustion.[19-21]

B.AshContent:Theashcontentistheinorganicresidueleftafterbiomass

combustion,typicallycomposedofmineralssuchassilica,calcium,potassium,

andmagnesium.Lowashcontentispreferableforenergyproduction,ashigh

ashlevelscanleadtoslagging,fouling,andcorrosionincombustionequipment.

Biomasstypeslikewoodhavelowerashcontentcomparedtoagricultural

residueslikestraw.[22]

C.VolatileMatter:Biomasshasahighvolatilemattercontent,typicallybetween

70%and85%,meaningthatasignificantportionofthematerialvaporizesupon

heating.Thisisadvantageousincombustionandgasificationprocessesasit

allowsforrapidignitionandflamepropagation.[21,25]

III.ThermalProperties

A.CalorificValue:Thecalorificvalue(orheatingvalue)ofbiomassreferstothe

amountofenergyreleasedduringcombustion.Itistypicallymeasuredin

megajoulesperkilogram (MJ/kg).Biomasscalorificvaluesrangebetween15

MJ/kgand20MJ/kgfordrymaterials.Woodybiomassgenerallyhasahigher

calorificvaluethanagriculturalresidues.[22]
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B.ThermalDecomposition:Biomassundergoesthermaldecompositionwhen

heatedintheabsenceofoxygen(asinpyrolysisorgasification).Therateof

decompositionandtheyieldofbio-oil,syngas,orbiochardependonthe

compositionandstructureofthebiomass.[21,22]

IV.MechanicalProperties

A.HardnessandGrindability:Thesepropertiesaffecthoweasilythebiomasscan

beprocessedintosmallerparticlesforcombustionorgasification.Softer

materialslikeagriculturalresiduesareeasiertogrind,whilehardermaterialslike

woodybiomassmayrequiremoreenergytoprocess.[23]

B.TensileStrengthandDurability:Thesepropertiesdeterminehowwellbiomass

particlescanwithstandmechanicalstressesduringtransportationandhandling.

Forexample,pelletsorbriquettesneedsufficientdurabilitytopreventbreakage

duringshipping.[24]

V.AshMeltingPoint

Theashmeltingpointofbiomassisthetemperatureatwhichashsoftensandstartsto

melt.Lowashmeltingpointscancauseslaggingandfoulingincombustionsystems.

Biomasstypeslikestraw,whichhavehigherpotassiumcontent,tendtohavelowerash

meltingpoints,leadingtooperationalchallengesinboilersandfurnaces.[23]

VI.Biodegradability

Biomassparticlesarebiodegradable,meaningtheybreakdownovertimedueto

microbialactivity.Whilethisisanadvantageintermsofenvironmentalimpact,itcanbe

achallengeforlong-termstorage,asbiodegradationreducesthefuelqualityandenergy

contentofthebiomass.

[23,26]

VII.EnergyDensity

Energydensityreferstotheamountofenergystoredperunitvolumeofbiomass.

Woodybiomassanddensifiedformssuchaspelletshavehigherenergydensitiesthan

looseagriculturalresidues,makingthemmoreefficienttotransportandstore.[26]
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VIII.CombustionCharacteristics

A.Ignition Temperature:Biomasstypicallyhasalowerignition temperature

comparedtocoal,whichmakesiteasiertoignite.Theignitiontemperatureof

biomasscanrangefrom250°Cto400°C,dependingonthetype.

B.BurningRate:Biomassgenerallyburnsfasterthancoalduetoitshighvolatile

content.Thiscanbebeneficialforquickenergygenerationbutrequirescareful

controlincombustionsystemstomaintainstabletemperaturesandavoid

inefficiencies.[27]

2.4Co-firing

Co-firingreferstothesimultaneouscombustionoftwoormoretypesoffuelsina

singlefurnaceorboiler.Itisapromisingtechnologyforutilizingrenewableenergy

sources,reducinggreenhousegasemissions,andimprovingtheoverallefficiencyof

energyproductionsystems.Co-firingisparticularlyrelevantinthecontextofbiomass

andfossilfuels,wherebiomassisusedasasupplementaryfuelalongsidetraditional

fossilfuelslikecoalornaturalgas.[22,25,28]

2.4.1BenefitsofCo-firing

 ReductionofGreenhouseGasEmissions:Co-firingbiomasswithfossilfuelscan

significantlyreduceCO2emissionssincebiomassisconsideredcarbon-neutral

over its lifecycle.The carbon dioxide released during combustion is

approximatelyequaltotheamountabsorbedbythebiomassduringitsgrowth.

[30]

 UtilizationofWasteMaterials:Co-firingcanutilizeagriculturalresidues,wood

waste,andotherformsofbiomassthatmightotherwisebediscarded,thereby

reducingwasteandpromotingacirculareconomy.[30]

 EnergyDiversification:Co-firingallowsforamorediverseenergymix,enhancing

energysecuritybyreducingrelianceonasinglefuelsource.Itcanalsohelp

stabilizeenergyprices.[27]

 ImprovedBoilerEfficiency:Somestudieshaveindicatedthatco-firingcan
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enhancethethermalefficiencyofboilerscomparedtoburningfossilfuelsalone.

Thepresenceofbiomasscanimprovecombustioncharacteristicsandreduce

foulingandcorrosionissuesassociatedwithhigh-sulfurfuels.[24]

2.4.2Co-firingTechnologies

Co-firingtechnologyisnowatimethemostcompetitiveoptiontoexploitgreatest

benefitenergyfrombothfuels.Itisusedtoproducesbothelectricityandheatenergy.

Co-firingtechnologiescanbeclassifiedasfollowings:

I.TypesofCo-firing

A.DirectCo-firing

Directco-firinginvolvesthesimultaneouscombustionofbiomassandfossilfuels

withinthesameboilerorfurnace.Thismethodisthemoststraightforwardandwidely

adoptedtechnologyforco-firingbiomass.However,varioustechnicalchallengescan

arisedependingonthetypeofboilerused,asallconstituentsofthebiomassenterthe

fuelsystem.[33]

Directco-firingcanbeappliedinseveraltypesofboilers,includingcyclone,fluidizedbed

combustion(FBC),&pulverizedcoalcombustion(PCC)boilers.Asurveyofbiomassco-

firingpracticesinEuropefoundthattheproportionofbiomassco-firedinstokerboilers

rangedfrom20%to90%,inFBCboilersfrom20%to90%,andinPCCboilersfrom3%to

20%.This indicates thatstokerand FBC boilers,which are designed to fully

accommodatebiomass,aresignificantlybettersuitedforhighpercentagesofbiomass

co-firingcomparedtoPCCboilers.

Indirectco-firing,biomassisintroduceddirectlyintothecoal-burningboiler.Thiscanbe

accomplishedthroughoneoffourbasicmethods,dependingonhowthebiomassis

blendedwiththeprimaryfuelandhowitisinjectedintotheboiler.Thesemethodsare

describedbelow:[35]

 Co-Pulverizing:Bothbiomassandcoalaregroundtogetherbeforebeingfedinto

theboiler.

 SeparatePulverizing,CommonInjection:Biomassandcoalarepulverized
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separatelybutinjectedintotheboileratthesamepoint.

 SeparatePulverizing,SeparateCombustion:Biomassandcoalarepulverized

andcombustedseparately,eachinitsdesignatedareaoftheboiler.

 SeparatePulverizingwithCommonInjection:Similartothesecondmethod,but

thebiomassandcoalareinjectedatdifferentpointswithintheboiler.

Eachoftheseoptionshasitsownimplicationsforcombustionefficiency,emissions

control,andoverallsystemperformance.[36]

2.5Barriersforsawdustmaximizationcombustion

Maximizingthecombustionofsawdustasabiomassfuelpresentsseveralbarriersthat

canhinderitseffectiveuseinenergyproduction.Understandingthesebarriersiscrucial

fordevelopingstrategiestoovercomethemandenhancetheutilizationofsawdustasa

renewableenergysource.Herearesomeoftheprimarychallenges:[37]

2.5.1Technicalandequipmentlimitations

I.Characteristicsoffuel

Thephysicalandchemicalpropertiesofbiomass,includingitschemicalcomposition

andthermalcharacteristics,significantlyinfluenceitscombustionefficiency.Key

attributesdefiningbiomassfuelcharacteristicsareoutlinedbelow.

A.HeatingValue

Theheatingvalueisacrucialpropertyofanyfuel,representingtheamountofenergy

releasedduringthecompletecombustionofthefuelatareferencetemperatureand

pressure.Itiscategorizedintotwotypes:

HigherHeatingValue(HHV):Thisistheexperimentallydeterminedvalueofheat

releasedduringcombustionperunitweightofthefuel,wherethewaterformedduring

combustionisintheliquidphase.Therefore,theheatofvaporizationforthiswateris

notsubtractedfromtheheatingvalue.

LowerHeatingValue(LHV):SimilartoHHV,butinthiscase,itisassumedthatthe

waterproducedduringcombustionremainsinvaporform.Consequently,theheatof

vaporizationisaccountedfor,leadingtoalowerheatingvalue.
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B.MoistureContent

Themoisturecontentofgreenwoodposesseveralchallengestoefficientcombustion:

 IncreasedFlueGasVolume:Highmoisturecontentincreasesthevolumeofflue

gasgeneratedduringcombustion,necessitatinggreaterdraftfanoutput.

 ReducedBoilerEfficiency:Moistureabsorbsheatfromthecombustionprocess,

diminishingoverallboilerefficiency.

 ClumpingofFines:Highmoisturelevelscancausefineparticlesinthefuelto

clumptogether,forminglargeraggregatesthatimpairtheflowabilityofthefuel.

Moisturecontentonawet(orgreen)basisisdefinedastheratiooftheweightofwater

presentinthewoodtothetotalweightofthewoodpluswater:

M.C.(wd)=Weightofwaterinwood/Weightofdrywood+weightofwaterinthe

wood

II.EffectofParticleSizeandShape

Thesizeandshapeofbiomassparticlessignificantlyaffectthecombustionprocess.

Largerparticlesmaytakelongertoburncompletely,potentiallyleadingtounburnedfuel

thatflowsintotheashpit.Conversely,fineparticleshaveanincreasedlikelihoodof

bridging,particularlyinmaterialswithhigheraspectratios,suchasmulch-likeortub-

groundmaterial.[38]

Theappropriatesizeandshapeofwoodparticlesmustbeconsideredpriorto

combustiontoensureefficientconveyanceandburning.Biomassparticlesizescan

varywidely,rangingfrom 1/100inchforfinesawdustto6inchesforcoarsehogged

bark.Althoughsawdusthasahigherheatreleaserate,itsparticlesizecanimpactboth

thecombustionprocessandtheperformanceoffuelhandlingmachinery.[39]

III.EffectofExcessAir

Topreventincompletecombustion,itisnecessarytosupplyexcessairbeyondthe

stoichiometricamountrequiredinthecombustionsystem.Excessairlevelscanrange

from0%toover200%,dependingonthetypeofcombustionsystememployed.
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Whileincreasingexcessaircanenhancefluegasvolumeflowrate,itcanalsoreduce

residencetime,leadingtoincreasedparticulatecarryoverandunburnedcarbon,thereby

diminishing combustion efficiencyand increasing emissions.Additionally,higher

excessaircanraisepressuredropsthroughthecombustor,resultinginhigherpower

consumption.Thetemperatureoftheairanditsintroductionlocationintothefurnace

alsoplaycriticalrolesinthecombustionprocess.Excessaircanlowerflameand

furnacetemperatures,subsequentlyreducingtherateofcombustion.[39,41]

IV.SizeoftheBurner

Biomasstypicallycontainsabout70%volatilematter,resultinginalargervolumeofflue

gasesperunitofenergycomparedtocoal.Thiscanaltertheflow patternsof

combustiongasesthroughtheboilerandlimittheproportionofbiomassthatcanbeco-

firedinexistinginstallations.

Theco-firingofbiomass,particularlywetbiomass,mayinfluencethemaximum

achievableboilerloadandboilerefficiency,dependingonmillconstraints.Whenco-

firinglow ratiosofdrybiomass(<10%moisturecontent),constraintsareminimal.

Generally,theabsenceoflargebiomassparticles(>2-5mm)passingtotheburners,

coupledwithacceptablecombustionbehavioroftheblendedfuel,promotesefficiency.

Biomassmaterialstendtobemorereactiveduringcombustionthanmostcoals,and

theunburnedcarbonlevelsinbottomandflyashesaretypicallysimilartoorlowerthan

thoseobservedwhenfiringcoalalone.[40]

Incorporatingbiomassintoacoal-firedboilerusuallydoesnotsignificantlyaffect

overallboilerefficiency;atworst,itmayresultinaslightdecreaseinefficiency.

However,athigherco-firingpercentages,issuesrelatedtoashbecomecritical.

ResearchbyJaapKielhighlightschallengesassociatedwithashdepositioninthenear-

burnerzone,whichcanadverselyaffectco-firingefficiencyandcombustionconditions,

potentiallyleadingtoincreasedunburnedcarbonlevelsintheash.[41]

2.5.2Formationofchemicalsduringcombustion

I.DepositFormationandAshDeposition

Thecombustionofbiomasscanleadtosignificantdepositformation,particularlydue
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tothealkalicontentfoundinsomebiomassfuels,combinedwiththenotablylower

meltingpointofbiomassash.Thisissuemanifestsastwoprimaryphenomena:

slaggingandfouling.

Slaggingreferstotheaccumulationofashonheattransfersurfacesandrefractory

liningsinthefurnacethatareprimarilyexposedtoradiantheat.Fouling,ontheother

hand,occursintheheatrecoverysectionofthesteamgenerator,whereflyashdeposits

form due to convective heatexchange when the ash remainsunquenched at

temperaturesbelowitsmeltingpoint.[41]

Arelatedprocessissintering,whichinvolvesthefusionofdepositparticlesintoamore

compactform.Theextentofdepositformation,includingbothfoulingandslagging,can

varysignificantlythroughouttheboilerbasedonlocalgastemperaturesandtube

conditions.

Theashproducedfrom biomasscombustionoftencontainssubstantialamountsof

potassium,phosphate,andcalcium—elementsthatcontributetotheformationofashes

withlowermeltingpoints.Theselow-melting-pointashescancreatestickylayersthat

leadtobedagglomerationandde-fluidizationinfluidizedbedcombustionsystems.This

agglomerationincreaseslocaltemperatures,whichcanfurtheracceleratetheprocess,

potentiallyresultinginafullysinteredbedcharacterizedbyaglassyphasethatbinds

thebedparticlestogether.Tomitigatesuchissues,itisrecommendedthatbiomassbe

processedindryashgasificationsystems,whereoperationaltemperaturestypically

reachupto950-1000ºC.Exceedingthesetemperaturesmaycauseashfusionand

chemicalagglomerationproblems.[35,39,41]

Erosionisdefinedastheprogressivelossofmaterialfrom asolidsurfacedueto

mechanicalinteractionsbetweenthatsurfaceandafluidorsolidparticlescarriedbythe

gasorfluidatsignificantvelocities.Severaltypesoferosionarerelevanttotheco-firing

ofbiomass with coal,with solid particle erosion and erosion/corrosion being

particularlynoteworthy.Solidparticleerosionoccursduetotherepeatedimpactof

smallsolidparticlesinagaseousmedium,leadingtomaterialloss.Erosion/corrosion

referstothesimultaneousdamagecausedbymechanicalerosionandelectrochemical



18

corrosion,whichofteninteractandexacerbateeachother'seffects,resultingin

compoundeddamage.[12,43]

Fluidizedbedcombustionsystemsareespeciallysusceptibletosolidparticleerosion

duetothemovementofbedmaterialparticles.Whileerosionisalsopresentinsingle

coalcombustionplants,therelationshipbetweenerosionandbiomassco-firingisnot

well-defined.However,thesynergybetweenerosionandcorrosion,alongwiththe

potentiallyhighercorrosivenatureofcertainbiomasstypes(especiallythosewithhigh

chlorinecontent),couldposesignificantchallengesinsomeco-firingsystems.[42,44]

Thepresenceofchlorineinbiomasscanleadtocorrosionissuesduringco-firing.

Interestingly,some mitigation ofchlorine-induced corrosion can occurthrough

reactionsbetween sulfurfrom coaland alkalicompoundsfrom biomass.This

interactionmayproducealkalichloridesthatcondensefrombiomass-basedfluegases,

reactingwithSO₂(predominantlyfromcoal)toformlesscorrosivealkalisulfates.

However,thismitigatingeffectdoesnotoccurunderreducingconditions,andin

oxidizingconditions,itcanbeinhibitedbylowertemperatures,whichreducethekinetic

ratesofsulfateformation.Additionally,sincebiomassisofteninjectedintoonlyafew

burners,andmanyboilersdonoteffectivelymixfluegasesintheirfurnacesections,the

resultinggascompositionsneartheboilerexitcanvarysignificantlybetweenburners.

Thisvariabilitymayaffecttheamelioratingeffectsofsulfurfromcoalonthefluegases

derivedfrombiomass.[33,37,43]

Corrosionduringco-firingcansubstantiallyimpactthelifespanoftheaffected

equipment,resultinginincreasedfinancialandoperationalcosts.Researchindicates

thatemployingsuitablematerialsandadditivescanhelpmitigatecorrosioninboilers

burningbiomass,evenattemperaturesashighas550°C.Oneeffectiveadditiveis

ammonium sulfate,whichcanconvertgaseouspotassium chlorideintopotassium

sulfate—asignificantlylesscorrosivecompound—therebyreducingcorrosionratesand

depositgrowthratesbyapproximately50%.Thiseffectmayoccuroverextended

periodswithoutassociatedslaggingorfouling.[38]
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2.5.3Non-TechnicalBarrierstoCo-Firing

Severalnon-technicalbarrierscanhindertheimplementationofco-firingbiomasswith

fossilfuels,including:[8,11.26]

 EconomicandPoliticalUncertainty:Thereisoftenuncertaintyregardingthelevel

ofeconomicandpoliticalsupportavailable,suchastaxexemptionsorfuel

subsidies,whichcanaffecttheattractivenessofco-firinginitiatives.

 FinancialFeasibility:Theeconomicviabilityofco-firingisfurthercomplicatedby

unstablebiomasspricesandaninsecuresupplychain,makingitdifficultfor

powerplantstocommittolong-termco-firingstrategies.

 MarketLiberalization:Theliberalizationoftheenergymarkethasforcedpower

plantstoimplementcost-cuttingmeasurestoensuresurvival.Asco-firingoften

incurshighercostscomparedtocoal-basedenergysystems—unlessmitigated

bysubsidiesorotherformsofsupport—thiscandeterinvestmentinco-firing

technologies.

2.6Typesofcombustionsystem

Variousfurnacedesignshavebeendevelopedforthedirectcombustionofwood,as

woodfuelsvarysignificantlyincomposition,moisturecontent,size,andcombustion

technique.Therisingcostsoffossilfuelsandtheincreasingdemandforalternative

wood-burningmethodshaveledtoagrowingselectionoffurnacedesigns[38].

Whendesigningaburner,amathematicalanalysisiscrucialtounderstandtheforces

actingontheparticles.Numerousresearchershavediscussedthefactorsinfluencing

thedesignofcombustionchambers,providingmathematicalmodelsthatinvestigate

thetimerequiredforcombustionandthecontactdurationofsolidparticleswithair.The

effectivenessofacombustionchamberforpowderedfueldependsonthetimeneeded

forcompletecombustionofeachparticle,whichisinfluencedbythecombustionrate,

particlepath,andvelocity.Furthermore,thecombustionrateofanysolidfuelisaffected

byseveralfactors,including:
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 Thetemperatureofthecombustionchamber.

 Theconcentrationoftheair-fuelmixture.

 Theturbulenceofthefuelparticlesinrelationtooxygenmolecules.

 Thechemicalandphysicalpropertiesofthefuelitself.

Thefollowingcombustionsystemsforwoodfuelcanbecategorizedbasedonthe

methodofwoodburning:[24,35,]

I.SuspensionBurner

Thistypeofcombustorisdesignedforsmaller,driedfuelparticles.Insuspension

burners,woodparticlesburnwhilebeingpropelledintheair.

Figure1.Suspensionburner

Theidealfuelparticlesforthistypeofburnerarelessthan0.25inchesinsizeand

typicallyhaveamoisturecontentoflessthan15%.

II.CycloneFiringSystems

Cyclonefiringsystemsareversatile,capableofburningbothdryandwetfuels.They

canhandlewetfuelswithmoisturecontentupto65%andparticlesizesupto4inches.

Whatsetscyclonefiringapartisthetangentialdeliveryofsecondaryairintothecyclone

underhighpressure.However,drawbacksincludehighpowerconsumption,alowturn-

downratio,andlimitedoperationalfuelparameters;certaindesignscanalsoleadto

highNOxemissionsduetoelevatedflametemperatures.[6,17]
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Figure2.Cycloneburner

III.FluidizedBedCombustor

Thefluidizationmediumusedinthissystemvariesbasedonthetypeandpropertiesof

thefuel.Afluidizedbedcombustorconsistsofaporousfloorchamber(distributorplate)

filledwithabedofsolidinertparticles(fluidizationmedium),suchassandorlimestone.

Airunderpressure(fluidizationgas)ispassedthroughthemediumataspecificvelocity

(fluidizationvelocity)tocausetheparticlestofloatandmovelikesaboilingliquid.This

typeofcombustorcanutilizewoodfuelparticlesofanysizeorshape,withmoisture

contentup to 65%,withoutpriorpreparation.In wood combustion,the flame

temperatureinafluidizedbedismaintainedbelow2000°F(typicallybetween1500°F

and1800°For815°Cto982°C).Thislowertemperatureextendsthelifeofthematerials

andpreventsashslagging.However,thetwomostsignificantdrawbacksoffluidized

bedcombustorsaretheirhighinitialcostsandsubstantialpowerconsumption.[18,21,

39]
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Figure3.Fluidizedbedburner

TheburnerunitofMaichewboardparticlelookslikethisfollowingpicture.

Figure4.Schematicviewofthedust/gasfiringsystemMaichewboardparticle(Where

1.WooddustSILO,2.Wooddustdosingbin,3.Deliveryaircondenser(carrierair

blower),4.Dustconveyingpipe,5.CK -Koerting-dust/naturalgasburner,6.

Combustionairfan,7.Gasfittingsgroup,8.Hotgasgenerator)

2.7HeatExchanger

Thefluegasesfrom theburneraretransferredtothedryingsystem usingaheat

exchanger,oftenreferredtoasaHotGasGenerator(HGG).Hotairorgasesare
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necessaryfordryingorotherprocesses,butduetothehighlevelofcontaminationfrom

combustion,thehotaircannotbeindirectcontactwiththefinalproduct,suchaswood

flakes.Theheatexchangerensuresthat"clean"hotairenterstheflashdryerwithout

comingintodirectcontactwiththedieselorwoodcombustionbyproducts.Thedesign

ofahotairgeneratorforaflashdryermustconsiderthesecontaminationconcerns.

Therearetwotypesofhotgasgenerators:[9,41]

I. DirectType

Inthedirecttype,dilutionairorhotrecirculatinggasesaremixedwithburnerfluegases,

andtheoutlettemperaturescanreachashighas1200°C.

II. IndirectTypeHotAirGenerators

Indirecthotairgeneratorsconsistofadouble-shellstructure,withtheinnershell

servingasthecombustionchamberandthemixingchamberbeingrefractorylined.The

dilutionairormixedgasenterstheoutershelltangentially,flowingbetweentheinner

andoutershells,andiscombinedwiththehotgasesattheendofthecombustion

chamber.Thisdesignhelpskeepthecombustionchamber'ssteelstructurecool.These

generatorsarecompatiblewithoil,gas,andalternativefuelburners.[18]

Figure5.Co-currenttypesofheatexchanger

AtMaichew BoardParticle,adirecthotairexchangerwasused.Theflakedryer,
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connectedtoabiomassburner,wasacontinuousflowdryer.Thehotgasesweredrawn

beforeairpreheating,andanauxiliaryfanforcedthemthroughthehotairducttothe

frontsideofthedryer.Thehotairductwasconnectedtotheblowerinletofthedryer,

allowingcontrolofthehotairtemperatureandairflowbyadjustingthebiomasssupply

rateandthedamperopeningratioonthehotairfan.

2.8Dryer

Dryingistheprocessofsupplyingheattowetmaterialstoremovevolatilesormoisture

throughmasstransfer.Typically,dryingisachievedbythermaltechniques,involving

heatapplicationthroughconvectionfrom aircurrents.Amaterialandheatbalanceis

importantforassessingdryerperformanceintermsofevaporationefficiencyand

thermalenergyinput.

TypesofDryers

AtMaiChewBoardParticle,arotarydrumdryerisused.Thedrumrotatescontinuously,

withitsspeedadjustableviaavariable-speeddrivetoadapttovariationsinfeedquality.

Thespeedofthedrumisadjusteddependingonthemoisturecontentofthematerial.If

thematerialistoowetordrybeforereachingtheknife,thedrum speedshouldbe

decreasedorincreasedaccordingly[3,9].

Figure6.RotarydryerofMaichewbordparticle

Theinsideofthedrumisequippedwithspecialtoolscalledflights,whichconstantlylift

theflakestoensureuniformdryingregardlessoftheirsize.Largerflakesremaininthe
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drumlongerthansmallerones,ensuringproperdrying.Asthedryingprocessproceeds,

themoistureintheflakesevaporates,andwhensufficientlydried,theairflowcarries

thematerialoutofthedrumthroughtheoutlet.

Toguaranteesafedryeroperation,thesystemincludesaself-activatingsubstituteload

systemthatinjectswaterintothedryerinletiftheflowofwetmaterialisinterrupted.

Thispreventssystemoverheating.Anautomaticwaterinjectionsystemisalsoinplace,

whichactivatesatvariouspointsifanover-temperaturesituationoccurs.

CycloneSeparator

Acycloneseparatorisusedtoseparatelargerandheavierparticlesfromsmallerand

lighteronesbyutilizingaspinningcolumnofgas.Theheavierparticlesareforcedtothe

wallsofthecyclone.TheMaiChewParticleMill(MPM)usesacycloneseparatorwitha

tangentialinletandaxialdischarge,whichisacommontypeforthesesystems.[13,43,

45]
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Figure7.MPM’scycloneseparator

CHAPTERTHREE

3.METHODSANDMATERIALS

3.Methodology

Themethodologyinvolvesacasestudyofthespecificindustrialprocess,utilizingan

exploratoryandinvestigativeapproachtodeterminethemassandenergybalancefrom

theburnertothedryerprocess.Thestudywasconductedinthreemainstages:

 Themassandenergybalance(MEB)fortheburner,chamber,anddryerwas

analyzedbasedonthetheoreticalandanalyticalmethodsofthermodynamic

lawsandfuelcombustionequations.

 Air-fuelratiooptimizationwasperformedusingMicrosoftExcel16'sSolvertool.

 Barriersaffectingburneroperationwithhighbiomassratioswereidentified

throughliteraturereview,gatheringadditionaldatafromfactories,andpersonal

communicationwithfactoryexperts.

3.1DeterminingtheRequiredHeat

Aquantitativeanalysisofmassandenergybalancewascarriedouttodeterminethe

heatsupplyparameterstothedryer.Thisanalysisinvolvedmathematicalcalculations

ofthedryer’sinletandoutletprocessrequirements,includingtheconditionsofthehot

gas(fluegasandair)andtheflakesenteringandexitingthedryer.Theprocedureto

determinetheseparametersinvolvedthefollowingsteps:

 Identifyingtheheatrequiredinthedryerperhour.

 Calculatingthemassflowrateofthehotgas(amixtureofairandfluegas),and

therequiredamountofairwhichisaddedonthechamber.

 Calculatingthefluegasesexitingtheburnerbasedoncombustionanalysis.

 Performingabalanceontheburnerinletandcalculatingtheheatrequiredforthe

dryertoidentifythetotalfuelmassflowrate.
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Flowchartoftheburner-dryerprocessofMaichewfactory:

Figure8.MassandEnergyBalanceoftheDrier

A.Calculationheatonthedryer:

Theflakedryerconnectedtothesawdustburnerwasacontinuousflowdryer.Theflue

gasesthatcomefromtheburnerwasconnectedtotheblowerinletofthedryer.atthe

latterambientairfromtheenvironmentwasmixedwithhotgases,whichincreasedthe

airflowandfurtherdecreasedtheairtemperatureandairflowtotheflakedryerby

adjustingthesawdustsupplyrateandtheratioofdumperopeningatthehotairfan.

Thefollowingstepswereconsideredwhencalculatingthemassandenergybalancefor

thedryer:

Inputmassflow rateandmoisturecontentoftheflake:Themassflowrateand

moisturecontentofthewetflakesenteringthedryerweredeterminedbasedondata

gatheredfromtheindustrysurvey.

Moisturecontent(MC)oftheflakesisexpressedasapercentageperkilogramofthe

flake.

Themassofwaterinthewetflakesiscalculatedusing:
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Mwater​ =%MCflakes​ ×Total wet flakesmassenteringdrier

MCflakes%,whichismoisturecontentinonekilogramofflake.

Where,Mwaterismassoftotalwater.

Total mass wet flake−Total mass water=Mass of dry flakes

Outputmoisturecontentoftheflake:Thisreferstothemoisturecontentofthedried

flakes,whichshouldmeetthefactory’srecommendedmoisturelevelforfurther

processing,typicallybetween2-3%.

Output moisture=2−3% of the mass of water

Requiredoutputmassflowrateofmaterial:Thisreferstothemassflowrateofthewet

flakes,calculatedas:

Mass of dry flakes+2−3% of the mass of water

Wateramountintheoutputmaterial:Thisindicatesthetotalevaporatedwater,whichis

removedfromthetotalenteredwetflakes.

Amountofdrymatter:Thisrepresentsthetotalmassofdryflakesafterthewaterhas

evaporated.

Figure9.Flowchartofdryer

Tocalculatetheheatnecessarytosupplytothedrier:
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Assumption:itisneededtheexactmeasuringofdrierefficiency,butheretoconduct

thestudyItooktherewasnotanylosesonthedryer.

Heatenteredtodryer=Heatusedtodrywetflakes

wetakeinputtothedryerwhichishotairofthefluegasesthatreleasedfrom the

chamber.Thelatentheatofvaporazationofwater@ 350ocisknownbasedon

engineeringtoolbox.So,tocalculatetheamountofheatrequiredforthedryerisusing

bythefollowingformula:

Q(drier)=latentheatevaporationofthewater*(moistureoftheflakeatinlet-moistureof

Flakeoutthedrier)

B.MassandenergybalanceonChamber

Thefluegasescomefrom burnerandtheairaddedinchambertogethercreateshot

gas,whichisusedtodrytheflakeswhenitinterstodryer.Thefluegaseswhichcome

fromtheburnerhaveatemperature700oc.butthedryerneededthehotgastohave

350oc basedonthefactorymanualso,itneededtoaddaironthechamber.

Figure10.Flowchartofchamber

Energybalanceonchamber:

Hereistheprocedurehowtocalculatethetotalfluegasesoutofthechamberandhow

muchamountofairmustaddtosupplyhotgasestodryer.
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Assumption:thereisnoheatlossduetothesurroundingsofductsofthechamber.

Qin =Qout

Qin=Qfluegas@700oc+Qair@25oc

Qout=Qhotgas@350oc

Qhotgas@350oc =Qfluegas@350oc+Qair@350oc

Qinfluegas@700oc+Qinair@25oc=Qoutfluegas@350oc+Qoutair@350oc

Thereisnoenergyofairatinlet

So,Qfluegas@700oc=Qfluegas@350oc+Qair@350oc

Qfluegasesin@700oc,whichcomesfromburner.

Qfluegasout@350oc=Mfluegas*cp@Tmean*∆T

=Mfluegas*cp@Tmean*(Tout-Tin)oc

Cpgasees=f(t)=a[0]+a[1]t+a[2]t2+a[3]t3+…..,H =mcp@Tmean

,Istheaveragetemperatureoftheambientandtheinitialtemperatureofair.Tmean

Coefficientoftheinteger’sgassesaregainedfromNASSA.

Where,Toutfluegas=350
oc&Tfluegasin=700

oc

Qairout@350
o
c=Mair*cp@Tmean*∆T

=Mair*cpair@Tmean*(Tout-Tin)
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Where,Tairout=350
oc

Tairin=25
oc

Qhotgas@350oc=Qairout@350
o
c+Qfluegasout@350oc

Where,hisenthalpyoffluegasesatagivenQfluegasout@350oc=∑
hCO2

hH2O

hO2

hSO2

hN2

temperature.

hCO2 =mCO2*cpCO2@Tmean*(Tout-Tin)

Finally,byusingthetotalsummationoffluegasesandthehotairwhichaddedafterthe

parametersweredeterminedashotgasthatgoingtodryer.

3.2DeterminingtheMassandEnergybalanceontheburner

Iusedsuspensioncombustiontypeofburner,whichisseparatedfromtheoilburner.

Thefactoryofstoredsawdustbiomasswasconveyedtothehusktankbyablowerand

uniformlysuppliedtothefurnace. Butaneusedanignitionoiltostartburningofthe

sawdustfuel.Thebiomassburnedaroundtheinnerwallofthefurnacewithaprimary

airsuppliedfromtheenvironment.Thein-furnacetemperaturewaskeptbelow800octo

preventthecorrosionofinfurnacematerial.Becausenitrateswhichareformedifthe

temperatureofburnerexceededmorethanthistemperature.

Inthecombustionsystem,theweightoffuel(sawdust)andtheweightofairentering

theburnershouldequaltheweightoffluegasplustheweightofashleavingtheburner

chamber,i.e.,
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Figure11.Flowchartofburner

TheMassbalanceonburnerwillbe:-

Massfuel+massair=massfluegas+massash.

3.3AirRequirementforCombustion

Combustionoccurswhenfuelreactswithair.Tocalculatethemassofairrequiredfor

completecombustion,thefollowingstepsareconsidered:

DeterminetheTheoreticalMassofair:

Theamountofoxygenrequiredtoreactwithagivenmassoffuelcanbedeterminedby

thefollowingstoichiometricreactions:

 C+O2→CO2

 4H+O2→2H2O

 S+O2→SO2​

 N+O2→N2

Thetheoreticalmassofoxygenrequirediscalculatedbysubtractingtheoxygencontent

alreadypresentinthefuel.

Aircompositionconsistsofoxygenandnitrogen:

Theairsuppliedforcombustionincludesbothoxygenandnitrogen.Whileoxygen

participatesinthecombustionprocess,nitrogenremainsinertandmustbeconsidered

inthecalculations
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Airconsistsof23%oxygenand77%nitrogeninmass.

Thetheoreticalmassofoxygencanbeexpressedas:

0.21×mass of air=theoretical mass of oxygen

CalculatetheMassofAir

Thetotalmassofairrequiredforcombustioncanbecalculatedusingtheformula:

Mass of air=theoretical mass of oxygen/0.23

CalculatetheMassofNitrogen:

Sincenitrogenisaninertgas,itsmassiscalculatedas:

Mass of nitrogen=mass of air×0.77

StoichiometricandExcessAirConditions

Stoichiometriccombustionreferstoanidealconditionwhereallthefuelisperfectly

burned with theexactamountofoxygen.In practice,achieving stoichiometric

combustionischallengingbecausethecombustionprocessinvolvesthemixingoffuel

andoxygeninspecificratios.Asthereactionprogresses,oxygenandfuelare

consumed,leavingfewerreactantsavailableinthereactionzone.Thisleadstothe

dilutionoftheremainingreactantsbycombustionproducts,suchascarbondioxide,

watervapor,andnitrogen,whichdonotcontributetothereaction.Thedilutionreduces

theprobabilityofremainingoxygenmoleculescollidingwithunreactedfuelparticles,

makingitdifficulttoensurecompletecombustionwithoutintroducingexcessair.Even

withgoodturbulence,itisunlikelythatalltheremainingfuelwillreactwiththediluted

oxygen.Asaresult,someunreactedfuelandoxygenmayexitthecombustionchamber.

Toensurecompletecombustion,excessairisadded,whichprovidesmoreoxygenthan

istheoreticallyrequired.Thisexcessairincreasesthelikelihoodthattheremainingfuel

willcomeintocontactwithoxygenandfullycombust.

ExcessAirRatio

Theexcessairratioisdefinedastheadditionalairsuppliedtoensurecomplete
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combustion.Thisexcessairensuresthatthelastremainingparticlesoffuelhave

sufficientoxygentocombust,althoughsomeoxygenmayremainunreactedandpass

throughthesystem.

Thegeneralformulaforexcessairratiois:

%EA= *100MRA

MRath

Where,MRAisactualmassflowrateairtothegivenmassoffuel

MRathismassrateairgainedtheoretically.

%EAispercentageofexcessairtofuel

Theexcessairratioaddedtocombustoralsocontainsoxygenandnitrogen.

MRA=EA*MRath

ActualMassrateofoxygenneededtoburnthefuelcompletely=actualmassrateofair

*n0.21

Actualmassrateofair=actualmassrateofoxygen/0.21b

Actualmassofnitrogenenteredtocombustor=0.79*actualmassrateofair

Theunreactedoxygen=ActualMassrateofoxygenneededtoburnthefuelcompletely-

theoreticalmassofoxygen

MassBalanceofAir

Airiscomposedofbothoxygenandnitrogen,butinthecombustionprocess,only

oxygenparticipatesasareactant.Themassbalanceofaircanbedescribedasfollows:

 Massofairinthecombustionburner=massofoxygenusedincombustion.

 Massofairexitingthecombustionburner=massofnitrogeninthefluegas+

massofunreactedoxygeninthefluegas.

Air-FuelRatioOptimizationMethod

Toensureoptimalcombustionatagivenburnertemperature,theair-fuelratiowas

optimizedusingMicrosoftExcel2016Solver.Thistoolallowsfortheadjustmentofair
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andfuelinputstoachievethebestpossiblecombustionefficiencyandperformance.

3.4EnergyBalanceofBurnerCombustion

Heat,whichisaformofenergy,isreleasedduringcombustion.Theenergyinvolvedin

thecombustionprocesscanbedescribedintermsofenthalpy.Theenergybalancein

theburner’scombustionprocessaccountsfortheheatgenerated,theenergyinputfrom

thefuel,andtheheattransferredtotheairorfluegas.

I.EnergyInputoftheFuel:

Energyinputofeachmassofdryfuelisequaltoitslowerheatingvaluewhichisthenet

calorificvalueofthefuel.whichexcludesthelatentheatactuallyavailablefrom the

combustionprocessinpracticeforcaptureanduse.

Thegrosscalorificvalue(GCV),orhighheatvalue,measuresthetotal(maximum)

amountofheatthatisproducedbycombustion.However,partofthisheatwillbe

lockedupinthelatentheatofevaporationofanywaterpresentinthefuelbefore

combustion(moisture)orgeneratedinthecombustionprocess.

Itshouldbepointedoutthatthisisbasedontheassumptionofcompletecombustion

(allthecarboninthefuelformscarbondioxideandallthehydrogeninthefuelforms

vapor).

Thetotalenergyinputofthedrywooddustfuelisthenequalto:

Qwd=MRwd*LHV…..4

 Qwd=Energyofwooddust

 MRwd=Massflowrateofwooddust

 LHV=lowerheatingvalue

II.Energyoutput:

Whicharethereleasedfluegasesfromagivenmassofthefuelandairaftercomplete

combustiontakesplacedontheburner.

Qfluegas= *∆T∑Enthalpyfluegases
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H=mcp@Tmean

=Mfluegas*Cpfluegas@Tmean*∆T

Where,Qfluegas=heatoffluegases

Cpfluegas@Tmean=specifictemperatureoffluegasesatmeantemperature.

∆T=deltaoftemperatureinandoutoftheburner.

Weconsidersomeassumptionstoperformtheenergybalance.Theseare:

 Boththeairandthefueltakeasdrybase

 Lowerheatingvalueofthefuelhasbeenconsidered

 Fluegasesofenthalpymustbeconstantwithtimevariation

 Thereisnokineticenergy,potentialenergyandworkdone

Enthalpyofreactantandproductareconsideredwithreferencetostandardpressure

andtemperature(1ATP,and25OC)

III.EnergyInputwithAir

Theenergyinputwithcombustionairreferstotheenergycontainedintheairentering

thecombustor,whichcontributestotheoverallcombustionprocess.Iftheairispre-

heated,asignificantamountofenergycanbeaddedtothesystem.Inthisstudy,the

burneroperateswithairatatmospherictemperature(25°C).

However,ifthefactoryoperatorstousepre-heatedair,thefollowingstepscanbeused

tocalculatetheenergycontributionfromtheairenteringthecombustor:

 Determinethespecificheatcapacityofair:

 Calculatethetemperaturerise:Subtracttheinitialatmospherictemperature

(25°C)fromthepre-heatedairtemperature.

 Energycalculation:Multiplythemassflowrateoftheairbythespecificheat

capacityandthetemperaturerisetoobtainthetotalenergyinputfromtheair.

Thisamount(heat)energyofairiscalculatedasfollows:
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Ea=MRa*Ha………….equation(5)

where,Eaistheamountofheat(energy)incombustionair

Haistheenthalpyofcombustionair

MRaisthemassflowratecombustionair

…………….Ha=∫'out'ambcpdt .equation(6)

Cpgasees=f(t)=a[0]+a[1]t+a[2]t2+a[3]t3+…..,H =mcp@Tmean

Where,cpisthespecificheatcapacityofgases,∆tistemperaturedifferenceofairand

Tmeantheaveragetemperatureofinandafterheatedtheair.

3.5EstimatingHeatLosses

Heatlossesoccurwhenenergyiseitherreleasedtotheenvironmentorthroughthe

unburnedfuelsduetoashesTheselossescanbecategorizedasfollows:radiationloss,

energylossduetoincompletecombustion

Forburningsawdustparticles,asuspensiontypeburnerismoresuitablethanother

types.Theheatlossesdescribedbelowarebasedontheassumptionsrelatedtothis

typeofreactor.

I. HeatLossDuetoUnburnedCarbonintheAsh(ELash)

Inbagassefurnaces,heatlossduetounburnedcarbonintheashistypicallyaround2%

ofthetotalheatgenerated.Ifthecarboncontentoftheashisknown,thisheatlosscan

becalculatedas:

 Elash = Mass of carbon in the ash per kg of fuel×

Carbon heating value

However,itisusuallyestimatedas2%ofthetotalfuelheatingvalue.

II. HeatLossDuetoRadiationandOtherIndeterminableLosses(ELR)

Radiationlossesand otherundeterminableheatlosses,suchasthosedueto

inefficienciesinthesystem,aretypicallyestimatedtoaccountforabout6%ofthetotal

heatgenerated.
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III. DataandInformationCollectedfortheBurner'sMassandEnergyBalance

ForthisresearchatMaichewParticleBoardFactory,datawascollectedfromvarious

sources,includingarchivalrecords,documentation,interviews,directobservations,and

measurementreadings.Generally,twotypesofdataweregathered:primarydataand

secondarydata.

Primarydatawasobtaineddirectlybytheresearcherthroughstudiesofthespecific

problem,includingdirectobservation,personalinterviews,andconversationswith

experts.

Secondarydatawassourcedfrom existingresearchinthesameorrelatedproblem

areas.Thisdataincludedthereviewofdocuments,websites,andhistoricalrecords

relevanttotheresearch.

3.6RawDataMaichewParticleBoardIndustry

Accordingtothefactory'smanual,thedryeriscapableofdryingupto80m³tonof

woodchipsperhour.However,duetovariouslimitingfactors,theactualdryingcapacity

iscurrentlyaround60m³tonofchipsperhour.

Table2.Dataofflakes

Burner

Maichewboardparticlefactoryhasfurnacecombustorusedtogeneratehotgases.Its

nameiscalledKörtingcombustionchamber.Thecombustionchambersetupto700°C

duetohotgasgenerationforflakesdryingprocesses.

Table3.Dataofburnertemperature
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IV. SawdustPropertiesData

Physicalandchemicalproperty

Proximateanalysisofeucalyptusdust.ThisdatawastakenfromtheNetherlandsdata

Philly.

Table4.Resultofproximateanalysisofsawdust

Ultimate analysisof

eucalyptus ofsawdust,1kg

basiswith lowerheatingvalue

of16.7MJ/kg.Thisindicatesanelementalcompositionthatevaluatedfroman

experimentaldeterminationofdata.

Table5.Experimentalresultfortheultimateanalysisofsawdust

UltimateAnalysis wt%

Hydrogen 6.16

Carbon 50

Nitrogen 0.2

Sulphur 0.069
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Oxygen 43.5

Ash 0.071

Total 100

Table6.PhysicalPropertiesofsawdust
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CHAPTERFOUR

4.RESULTSANDDISCUSSION

4.1Operationalbalanceofdrying

Asexplainedinchapterthreeinthemethodologypartanalysisofthedemandofhotair

todryercomesonthefirst.Thedryerofthefactoryhasacapacitytodry60m3flakes.

 Densityofwoodflakes200kgperm3.

 Massflow rateofflakes(wetwoodchips)Maichew particleborddryer

=12,000kg/hr.

 Anditsmoisturecontentofflakesisexceededupto55%.

Byapplyingheatfromthechamberburner,thechipscanbedriedtoachieveamoisture

contentof2-3%.12,000*55%=12,000kg/hr.*0.55=6600kgisthemassofmoisture.[5,18]

 Themassofthedryproductisalso5400kg.

=0.025*6600=165kgoftotalmoistureoftheproduct(theoutletofthechips).

Tocalculatetheheatnecessarytosupplyofthedrier:-

Q(drier)=latentheatevaporationofthechips*(moistureofthechipsatinlet-moistureof

outthedrier)Latentheatofevaporationofchipsforonekilogramwaterat350oCis900
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kj/kg

Figure12.Heatevaporationversustemperature

(6600kg-165kg)=6,435kgmoisture.

900 kJ/kg*6435kg=5,791.5MJ/hr.

4.2Analysisofburnerinputandoutputparameters

A.MassBalanceofBurnerCombustion

Themassflowratesofcarbon,hydrogen,oxygen,nitrogen,ash,andwaterinthefuel

aredeterminedbasedonthefuel'scomposition.Thefollowingassumptionsaremade:

 Allnitrogenremainsunchangedandactsasaninertcomponent.

 Allhydrogenreactscompletelytoformwater(H₂O).

 Carbonreactstoformeithercarbonmonoxide(CO)orcarbondioxide(CO₂),or

remainsunburned,dependingonthecombustionconditions.

Byapplyingamassbalanceapproach,thefinalcompositionandmassflowrateofthe

fluegasarecalculated based onthesereactionproducts.To achieveoptimal

combustionefficiency,anenergybalanceisalsoconducted,comparingtheenergyinput,

energyoutput,andheatlossesinthesystem.
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B.MassBalanceofCombustionProcess

 Carbon(C)reactswithoxygen(O2​)toformcarbonmonoxide(CO)orcarbon

dioxide(CO2​),dependingoncombustionconditions.

 Hydrogen(H)reactswithoxygentoformwatervapor(H2O).

 Sulfur(S)reactswithoxygentoformsulfurdioxide(SO2​).

Themassbalanceofthecombustionproducts,includingtheunreactednitrogenand

ash,isthencalculatedtodeterminethefinalcompositionofthefluegas.

Table7.Molecularweightofelementsofsawdust

Massin=Massout

Massfuel+massair=Massoffluegases

0.5 X

a.C + O2 CO2

12 32

XO2=massofoxygenwhichisusedtoformCO2
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MassofCO2isequaltothesumofthetwomassfractions(C&O2).

0.06 X

b.4H + O2 2H2O

32

XO2=Massofwater(vapor)=0.0002 X

C. S + O2 SO2

32 32

XO2=MassofSO2=

Table8.CompositionofdryEucalyptussawdustwoodandoxygenrequired
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4.3MassBalanceofAirFlowRate

Tocalculatetheamountofoxygenrequiredforcombustion,theoxygenalreadypresent

inthewoodissubtractedfromthetotaloxygenrequiredforcombustion.Thisgivesthe

oxygenthatmustbesuppliedbytheair:

Oxygen required−Oxygen present in fuel=Oxygen needed from air

Inthiscase,itisdeterminedthat1.386kgofoxygenisrequiredfrom ambientairto

combustthefuelideally.Sinceambientaircontainsonly23%oxygenand77%nitrogen

byvolume,theamountofairneededforcombustioniscalculatedbydividingthe

requiredoxygenbythemasspercentageofoxygenintheair.

Air required=Oxygen needed from air​/0.23

,.Thisvaluerepresentsthetheoreticalair-to-fuelratio,butinpractice,complete

combustionrequiresadditionalairbeyondthistheoreticalvalue.

Theairsuppliedbeyondthestoichiometricrequirementisknownasexcessairandis

expressedasapercentageofthestoichiometricairquantity.Excessairensuresthat

thereisenoughoxygentoachievecompletecombustion,reducingtheamountof

unburnedfuelandimprovingefficiency.

Table9.Resultoftotalairfuelratioforoptimumcombustionofsawdustfuel

Air requirement Kg/kg

fuel

14.97127241

Nitrogeninair(kg/kgfuel) 11.52787976

NitrogeninFG(kg/kgfuel) 11.52987976
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Theresultsindicatethatforthecombustionof1kilogramofsawdustfuel,anadditional

2.47kgofexcessairisrequired.Thisexcessaircalculationconsidersonlythemassof

oxygenneededforcombustion.

Actualoxygenreferstotheexactamountofoxygenrequiredtocompletelyburneach

particleoffuel.However,aftercombustionoccurs,someoxygenremainsunreacted.In

thiscase,theanalysisshowsthat2.05kgofunreactedoxygenisreleasedwiththeflue

gasesforevery1kilogramofsawdustfuelburned.

Thetotalmassofairsuppliedfrom theenvironmenttoburnthefuel,includingthe

excessair,iscalculatedtobe14.97kgforonekilogramoffuel.

Sincenitrogenisinertat700°C,itdoesnotreactwithanyofthefuel'scomponents.

Therefore,themassofnitrogenintheairandthenitrogencontentinthefuelbothexit

thecombustionprocesstogetherwiththefluegases.

4.4EstimationofHeatLosses

Heatlossesinthecombustionprocessreducetheoverallefficiencyandmustbe

accountedfor.Themajorsourcesofheatlossincludeunburnedcarbonintheashand

lossesduetoradiationandotherundeterminablefactors.

A.HeatLossDuetoUnburnedfuelintheAsh(Lash)

Forbagasseandsimilarfurnaces,heatlossduetounburnedcarbonintheashis

typicallyestimatedtobearound2%ofthetotalfuelheatingvalue.Ifthecarboncontent

intheashisknown,thelossduetothisunburnedcarboncanbecalculatedusingthe

formula:

Lash=totalcalorificvalueoffuel*2%

Lash≈334 kJ/kg

B.HeatLossDuetoRadiationandOtherUndeterminableLosses(LR)

Heatlossduetoradiationandotherunmeasurablefactorsisgenerallyestimatedat

about6%ofthetotalheatgeneratedinthesystem.Thisaccountsforapproximately:

LR=1002 kJ/kg
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The combined heat losses from radiation are calculated as:

Total energy losses=1336 kJ/kg

4.5EnergyOutput

Energyoutputisthetotalsummationofallenthalpyoffluegasesforonekilogramof

fuelsawdust.Theprimarysourceofenergyoutputistheheatcarriedbythefluegas

leavingthecombustoratahightemperature.Toachieveoptimalcombustionefficiency,

maintainingtheproperexcessair-to-fuelratioisessential.Theminimum burner

temperatureforoptimalcombustionissetat700°C,ensuringthatexcessairfacilitates

completecombustionwhileminimizingenergylosses.Becausenitratescanformifthe

temperatureofburnerexceededmorethanthiswhicharecalledthetoxicgasses.

ThetoxicpollutantsgasesfromburnersareNoxandtheircompositionisinfluencedby

combustionconditions.Nitrogenmonoxideformationisgeneratedinburnerinwhich

thetemperatureisintherangeof1200◦C-1450◦C[32].Thedesignersoftheburner

mustknowtheamountofairneededforcompletecombustion,anticipatedfluegas

composition,atagiventemperatureinordertocontroltheemissionsandtoxicgases

formed.Conditionssuchasoxygenconcentration,residencetime,temperatureand

mixingturbulencehavebiginfluenceintheformationofthesepollutants.High

combustiontemperaturecombinedwithhighoxygenconcentration,residencetime,and

mixingturbulencereducesthequantityofCOproducedbutincreasethepossibilityof

theformationofNOx.Theoxygenandcarbondioxideconcentrationintheeffluentgas

areausefulindicatorofthecombustionperformance.

Table10.Enthalpyresultoffromonekilogramofsawdust
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Allthoseresultswerecalculated with excelMicrosoftbased on theempirical

calculations.The0.00E+00controlpartshowsthatthecombustorisrunsatoptimum

combustionratewithitsgivenmassofair.

4.6Air-FuelRatioOptimization

Theair-fuelratiowasoptimizedusingtheMicrosoftExcelSolverprogramtodetermine

theoptimalthermalenergyoutput.Thismethodcalculatestheexactamountofexcess

airneededatagiventemperaturetomaximizetheheatreleasedbythecombustor.here

theobjectivesandconstraintsarecaloricvalueofthesawdustfuleandtheexcessair

ratiorespectively.

SolverOptimizationReport(MicrosoftExcel16.0)

Result:Solverfoundasolution.Allconstraintsandoptimalityconditionsaresatisfied.

SolverEngine:

Engine:GRGNonlinear;SolutionTime:0.016Seconds;Iterations:0Subproblems:0

Thisoptimizedair-fuelratioensuresefficientcombustionandmaximizesenergyoutput

fromthefuel,consideringtheoperationalconditionsoftheburner.

4.7Analysisonthechamber
Thetotalhotgasthatpassedthroughthechamberwasusedtoremovemoisturefrom

theflakesinthedryer.Toeliminate6,435kgofmoisturefromtheenteringflakes,the
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dryerrequired5,791.5MJ/hrofenergy.Giventhatonekilogram ofsawdustfuel

generates15.36MJ/kgofhotgas,theburnermustcombustapproximately376.95

kg/hrofsawdustfueltoprovidetherequired5,791.5MJ/hr.

Tocompletelycombust376.95kg/hrofsawdustfuel,approximately6,180.93kg/hrof

airfromtheenvironmentisneeded.Theexcessairratiousedis2.47.

Table11.Resultfortheinputandoutputvalueofchamber

Inputchamber Product

Qflugas@700oc 15364

tempair@25 25oc

Qair@25Oc 0

tempfluegasin 700oc

Chamberoutput

Temperatureofthefluegas&

airmixture(hotgas)at___out

put

  350oc

Qflugas@350 productenthalpy

Water(vapour) -7.30567E+12

Nitrogen -6308.642386

Sulphurdioxide -0.564921157

Oxygenforexcess -756.3755327

Qfluegasoutchamber -7.30567E+12

Qairoutchamber(KJ) 7.30567E+12

massofair(Kg) 29193468203

Qairoutchamber(KJ/Kg) 7.30567E+12

Qhotgas(KJ/Kg) 15364

Qofhotgas(MJ/Kg) 15.364
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4.8discussionoftheMassandEnergyBalance

Themassandenergybalancefuelcombustionisacrucialmethodforaccountingfor

bothusefulenergyoutputsandlosseswithinthefurnace.Asdiscussedinprevious

chapters,theenergybalanceoftheMaichewparticleboardfurnacecanbesimplifiedto

statethatthetotalenergyinputintothefurnaceequalsthesumoftheusefulenergy

outputsandtheenergylosses.Theprimarysourcesofheatenteringthefurnaceare

sawdust,heavyoil,andcombustionair.Thisthesishasprimarilyfocusedonquantifying

theamountofheatgeneratedforthedryingsystembasedontheutilizationofahigh

biomassratio.

Todeterminetheenergyinputfrom sawdust,thecomponentsofthewoodmustbe

considered.Thesecomponentscanvarysignificantlydependingonthewoodspecies

used.ThemostcommonlyutilizedspeciesatMaichewiseucalyptussawdust,which

hasanenergycontentofapproximately16.7MJ/kgonadrybasis.Thiscalorificvalue

isessentialforcalculating theoverallenergycontributionsofsawdustto the

combustionprocess,ultimatelyimpactingtheefficiencyofthedryerandtheoverall

productionprocess.

4.9Airfuelratio

Anothercriticalinputintotheboileristhecombustionair,whichissourcedfromwithin

theburnerplant.Theenergyinputderivedfrom woodchipsdiminishesifthe

temperatureofthecombustionairislow.Giventhattheheatgeneratedfromtheburner

isprimarilydirectedtowardsthedryingsystem,itisessentialthatcombustionoccursat

anoptimaltemperatureofaround700°C.

Tooptimizecombustionefficiency,thecombustormustoperatewithamaximumlevel

ofexcessairwhilemaintainingthelowesteffectivecombustiontemperature.Thisstudy

emphasizestheimportanceofadjustingtheair-fuelratiotopreventincomplete

combustionofthewoodchips.Foracombustoroperatingatatemperatureof700°C,it

hasbeendeterminedthat16.39kgofairisrequiredforthecompletecombustionof1

kgofsawdustfuel.



51

4.10MaichewParticleboardfueluseandburnersituation

TheMaichewfactorycurrentlyreliesheavilyonsawdustasitsprimarybiomassinput,

butitdoesnotutilizeotherbiomasssources,suchasleavesandbranchesfrom

eucalyptus trees.To maximize the use ofavailable biomass resources,itis

recommendedthataburnerbedesignedspecificallyforbiomassfuelutilization.

Transitioningtobiomassasanalternativefuelnotonlyenhancestheeconomicviability

oftheplantbyreducingrelianceonexpensivefossilfuelpurchases,butitalso

contributestoloweringenvironmentalemissions.Currently,theburnerconsumesupto

90litersofheavyoilperhourtodryapproximately60m³tonofflakes.Byshifting

entirelytobiomass,thefactorycanmitigatetheimpactofrisingfossiloilpricesand

reduceoperationalcosts.Buttherearemanyobstacleswhenthefactorydependedonly

onbiomassfuels.

4.11BarrierstoBiomassMaximizationatMaichewParticleBoardFactory

ThebarrierstomaximizingbiomassutilizationattheMaichewparticleboardfactory

canbeclassifiedintotechnicalandnon-technicalchallenges.Oneofthekeytechnical

barriersisthelowercalorificvalueofbiomasscomparedtootherfuels,asitcontains

around70%volatilematter.Thisrequireslargerburnerstogeneratesufficientfluegas

forenergyproduction.

Biomassparticlesizeatthefactoryrangesfrom finesawdust(1/100inch)tolarger

particleslikebark.Theparticlesizeandshapesignificantlyaffectthecombustion

processandtheburnerfeedsystem.Largerparticlesrequirebiggerfeedvalvesand

takelongertoburn,potentiallyleadingtounburnedfuelintheashpit.Ontheotherhand,

fineparticleslikesawdusthaveahigherchanceofcausingbridginginthefeedsystem,

especiallywhenthematerialhasahighaspectratio,suchasmulch.

AttheMaichewfactory,theburnerwasdesignedforheavyoil,withsawdustusedasa

supplementaryfuel.Sawdusthasahigherheatreleaserate,butlargerbiomass

particlescanexceedthesystem'sdesignedcapacity,impactingboththecombustion

efficiencyandthefuelhandlingsystem.Thismismatchbetweenparticlesizeand

burnercapacitycanleadtooperationalchallenges,includinginefficienciesinthe
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combustionprocessandstrainonthefuelhandlingequipment.Therefore,careful

considerationofparticlesizeandburnerdesigniscriticaltooptimizingbiomassco-

firingatthefactory.thisthesisworkisonlyconsideredsawdusttypeofbiomass.We

canalsoclassifythecombustionreactorsbelongwiththeoptiontoworkinseparated

withcurrentburnertoenhancedbiomasscofiring,

Mostofthetimesuspensiontypeofburnerwasveryappropriatetoburnsawdust

biomass.

Suspensionfiringisdesignedandusedforproperlysizedandpre-driedwoodfuelwhich,

usedwoodparticleparticlestomixedwithairandaretoburnedinsuspension.However,

largerorhighmoisturecontentparticlestendtofallandarenotburnedinsuspension.

Thistypeoffiringrequiresthemostrestrictedfuelparticlesbothinsize(lessthan0.25

inch)andmoisturecontent(usuallylessthan15%).Pre-dryingandsizereductionofthe

fuelisnecessarysincemostwoodfuelsdonotmeetrequiredconditionswhentheyare

receivedinapowerplant.Themostimportantdesignparameterinasuspensionburner

isheatreleaseperfurnacevolume.Typicalvaluesareabout14000Btu/hrpercubicfoot

offurnacevolume.

Suspensionburnersaremanufacturedwithcapacitiesupto80x106Btu/hrfuelinput.

Thereactorconsistsfeeder,fanwhichusedtosucksthefuelfromnozzlepartofthe

feederanditcanblowtangentiallytothefurnace.

afterburnedthefuelsthefluegasexitsthefurnaceandgoestodryertosupplyheatfor

drying.Acyclonepartusedtoseparateashparticlesfromthefluegasestoexhausting

toatmosphere.
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Figure13.Diagramofsuspensionreactor

Thesecondoneisfluidizedbedcombustionreactor.Thistypeofreactorhasitsown

combustioncontrolsystem,suchasairfuelratio,andcanabilitytoburnwiderangeof

biomassfueltype.

Wehavealsoseveralmodificationwaystoimprovetheexistingburnertoincreased

biomasscofiring.herearethefollowings:

 Dual-fuelinjectionsystem:thismodificationwayisusedtoimprovethemixingof

airandfuelwhichworkedbyaddingaseparateinjection.

 Burnernozzlemodification:toburnlargeparticlesofbiomassitneededto

maximizedthenozzlepartoftheburner.

 Useinsulationforthecombustor:tominimizedtheheatwhichispenetratedfrom

thecombustor.

Therecommendedreactorcanbeintegratedwithsystem asasecondaryburner

whichareseparatedwithoilburnerreactorthatfeedintothesamefluegasline

existingburner.

Hereinthebelowoutlineshowshowtheintegrationofthenewreactorwithoilburner

seemslike;

1,installtheseparatedreactors

2,commonfluegasline,
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3,controlairfuelratiosystemtobalancetheheatthatcomefromthebiomassandoil

burners.

4,themixedfluegaseswillbegoesintothedryersystemtoevaporatedthemoisture

contentoftheflakes.Herethefollowingdiagramofintegratedcofiringreactor

Figure14.Integratedcofiringreactor

CHAPTERFIVE

5.CONCLUSIONANDRECOMMENDATION

5.1Conclusion

DatacollectedfromtheMaichewfactoryrevealthattheaveragecostofdeliveredoilis

60birrperliter.Giventhecurrentoperationallimitsof8hoursperday,thefactory

consumesapproximately720litersofoildaily,leadingtoanannualoilexpenditureof

around1,768,000birrs.Thishighoperationalcostunderscorestheneedformore

sustainableandcost-effectivefuelalternatives.
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Thisstudyhasprovidedacomprehensiveanalysisoftheheatreleasedfromahighratio

ofsawdustbiomassanditsimplicationsfortheoperationalefficiencyoftheMaichew

factory'scombustionsystem.Thefindingsrevealthatcombusting376.95kg/hrof

sawdust generates approximately 5791.5MJ/hr of heat energy,a significant

contributiontothefactory'soverallenergyneeds.

Toensureoptimalcombustion,theanalysisshowsthattheexistingairsupplymustbe

adjustedtomeetthetheoreticalrequirements.Specifically,theactualairneededfor

combustion,takingintoaccounttheexcessairratioof2.47,amountstoabout16.31kg

ofoxygenforeverykilogramofsawdustwhichistheaircomesfromtheenvironment.

Theactualoxygenneededtoburncompletelythefuelexceeded3.44kgofoxygen.The

excessairiscrucialforensuringcompletecombustion,reducingthepotentialfor

unburnedfuel,andoptimizingenergyrelease.

Furthermore,itwascalculatedthatthedryer,whichisessentialforremovingmoisture

fromwoodflakes,requiresapproximately5791.5MJofheatenergytoevaporate6,435

kgofmoistureperhour.Thisheatdemandunderscoresthenecessityforareliableand

efficientcombustionprocess,astheheatgeneratedfrom thesawdustcombustion

mustsufficientlymeetthedryer’senergyrequirements.Tomaximizethermodynamic

efficiencies,itisconcludedthatthecombustorshouldoperateatanadjustedlevelof

excessairof16.3kgperhourforonekilogramoffuelwithmaintainingacombustion

temperatureof700°C.Operatingundertheseconditionsnotonlyenhancescombustion

efficiencybutalsoimprovesenergyutilizationwithinthesystem.

Furthermore,independentstudiesindicatethatthefactoryhasaccesstosubstantial

quantitiesofunusedanddiscardedwoodresidues,whichareoftenavailableatlittleto

nocost.Thisavailabilitypresentsanexcellentopportunityforthefactorytoenhanceits

sustainabilityeffortswhilesignificantlyreducingfuelcosts.However,forsuccessfulco-

firingprojectstobeimplemented,itiscrucialthatoperatorscanaccessthisbiomass

withoutincurringadditionaltransportationcosts,ensuringthattheeconomicbenefitsof

usingbiomassarefullyrealized.

Byintegratingbiomassintoitsenergymix,theMaichewfactorycanimproveits80%of

theoveralleconomicperformancewhilecontributingtoenvironmentalsustainability.
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Thisapproachnotonlymitigatesthedependenceonexpensivefossilfuelsbutalso

capitalizesonreadilyavailablebiomassresources.Ultimately,transitioningtoco-firing

withbiomasspositionsthefactoryasamoreenvironmentallyresponsibleand

economicallyviableoperation,enablingittonavigatetherisingcostsoffossilfuels

whileenhancingitscontributiontorenewableenergyinitiatives.

Inconclusion,achievinganoptimalair-fuelratiooperatingatalowercombustion

temperatureiscriticalforenhancingthecombustionprocess'sefficiency.Byfocusing

ontheseparametersandselectingtheappropriatecombustionunit,theMaichew

factorycan effectivelyutilize biomass,reduce operationalcosts,and minimize

environmentalimpacts,therebypositioningitselfforimprovedsustainabilityand

performanceinitsbiomassenergyproductionefforts.

5.2Recommendation

Basedonthefindingsofthecurrentstudy,severalkeyrecommendationsareputforth

to furtherenhance the efficiency and sustainability ofthe Maichew factory's

combustionprocesses.Theserecommendationsaim toaddressthegapsidentified

duringtheresearchandtopavethewayforfutureinvestigations.

I.FurnaceandBurnerDesignOptimization:

Thestudyalsohighlightedthetypesofcombustionunitssuitableforthisapplication.

Basedonliteratureandmanufacturerrecommendations,asuspension-typecombustor

wasidentifiedasthemostappropriatechoice.

Thistypeofcombustorwhichisfoundonfigure13canabilityofhandlinghighbiomass

ratiosandeffectivelymixingfuelandair,ensuringefficientcombustionandthermal

output.

Furtherinvestigationsshouldbeconductedtoexploretheshapeanddimensionsofthe

furnace,aswellastheformandsizeoftheburner.Inparticular,researchshouldfocus

onidentifyingthemostsuitableburnertypesforalternativefuelsbeyondsawdust,such

asleavesandbranches.Thisincludesevaluatingdifferentcombustionunitdesignsto

optimizeperformanceandefficiencywhenutilizingdiversebiomassfeedstocks.
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II.ExplorationofAlternativeBiomassFuels:

A significantamountofexperimentationisneededtoevaluatethepotentialof

alternativefuelsources,suchasleavesandbranches.Thisresearchshouldfocuson

assessingthecombustioncharacteristics,energycontent,andemissionsprofilesof

thesebiomassmaterials.Bydoingso,thefactorycandeterminethefeasibilityand

advantagesofintegratingthesefuelsintoitsexistingsystems.Understandingthe

combustionbehaviorofthesematerialswillprovideamorereliable,applicable,and

comprehensibleframeworkforbiomassutilization.

III.PilotTestingandDemonstrationProjects:

Conductingpilottestsanddemonstrationprojectswithvariousbiomasstypescan

providevaluableinsightsintotheirperformancewithintheexistinginfrastructure.These

projectsshouldincludedetailedmonitoringofemissions,efficiency,andoverall

operationalcosts.Thedatagatheredcanhelprefineoperationalpracticesand

contributetobestpracticesforco-firingstrategies.

IV.EconomicAnalysisofBiomassUtilization:

Anin-deptheconomicanalysisshouldbeconductedtoassessthelong-termfinancial

benefitsofusingbiomassasafuelsourcecomparedtofossilfuels.Thisanalysis

shouldconsidernotonlydirectcostsavingsfrom fuelsubstitutionbutalsopotential

savingsfromreducedenvironmentalcompliancecostsandwastedisposalfees.

V.StakeholderEngagementandTraining:

Engagingstakeholders,includingfactoryemployees,localbiomasssuppliers,and

environmentalagencies,iscrucialforthesuccessfulimplementationofbiomassco-

firinginitiatives.Providingtrainingandresourcestostaffabouttheoperationand

maintenanceofnewcombustiontechnologiescanensuresmoothertransitionsand

enhanceoveralloperationalefficiency.

VI.EnvironmentalImpactAssessment:

Futurestudiesshouldincludecomprehensiveenvironmentalimpactassessmentsto
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evaluatethepotentialreductionsingreenhousegasemissionsandotherpollutants

resultingfrom theswitchtobiomassfuels.Theseassessmentswillnotonlysupport

compliancewithenvironmentalregulationsbutalsobolsterthefactory'ssustainability

credentials.

Byaddressingtheserecommendations,theMaichewfactorycanenhanceitsbiomass

utilization strategies,improve operationalefficiency,and contribute to a more

sustainableenergyfuture.Theseinitiativeswillnotonlysupportthefactory'seconomic

viabilitybutalsoalignwithbroaderenvironmentalgoalsintheregion.
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