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LecturerLecturer
Name Name 
ProfessionProfession
ExperienceExperience

ReferencesReferences

Partner in KoreaPartner in Korea

JJüürgen Loyrgen Loy
ChemicalChemical EngineerEngineer
12 12 yearsyears in in thethe fieldfield of of 
EnvironmentalEnvironmental technology and technology and 
especiallyespecially in  in  BiologicalBiological WasteWaste
Gas Gas CleaningCleaning

ResponsibleResponsible forfor thethe installationinstallation of of 
moremore thenthen 20 20 BiotricklingBiotrickling PlantsPlants in in 
EuropeEurope

–– PresentationsPresentations in USA and Europein USA and Europe
–– MemberMember of Air and of Air and WasteWaste

Management Association Management Association ––
Pittsburgh (USA)Pittsburgh (USA)

DAEGA DAEGA PowderPowder Systems (Systems (sincesince
2000)2000)
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BiotricklingBiotrickling TechnologyTechnology

DevelopedDeveloped sincesince 1991 to 1991 to 
combinecombine thethe advantagesadvantages
of of biofilterbiofilter and and 
bioscrubberbioscrubber
–– UsingUsing an an inertinert carriercarrier
–– LowLow energyenergy consumptionconsumption
–– LessLess maintenancemaintenance costscosts
–– ControlControl of of biomassbiomass and and 

biologicalbiological layerlayer
–– Special Special nutrientsnutrients forfor odourodour

and VOC and VOC eliminationelimination
–– ControlControl of of massmass transfertransfer
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PurposePurpose of of thethe BiotricklingBiotrickling Technology Technology 
DevelopmentDevelopment

DevelopDevelop a a controllablecontrollable biologicalbiological processprocess
UseUse thethe advantagesadvantages of a of a biofilterbiofilter and and 
bioscrubberbioscrubber byby avoidingavoiding thethe disadvantagesdisadvantages
ImproveImprove thethe biologicalbiological processprocess forfor thethe removal of removal of 
nonsolublenonsoluble pollutantspollutants
ReduceReduce thethe operatingoperating costscosts
PossibilityPossibility forfor a flexible a flexible installationinstallation shouldshould bebe
givengiven
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CompetitiveCompetitive TechnologiesTechnologies
BiofilterBiofilter

BioscrubberBioscrubber

ChemicalChemical ScrubberScrubber

Thermal/Thermal/KatalyticKatalytic
IncinerationIncineration
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ApplicationsApplications of Biotrickling of Biotrickling 
TechnologyTechnology

OdourOdour RemovalRemoval
–– TobaccoTobacco industryindustry
–– SlaughterhouseSlaughterhouse
–– WasteWaste waterwater treatmenttreatment
–– CompostingComposting plantplant
–– ChocolateChocolate productionproduction

VOC RemovalVOC Removal
–– Printing Printing industryindustry
–– CosmeticCosmetic industryindustry
–– CoatingCoating industryindustry
–– ChemicalChemical industryindustry
–– SemiconductingSemiconducting industryindustry
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ScientificScientific FundamentalsFundamentals

InfluencesInfluences on on kineticskinetics
and and efficiencyefficiency
–– MassMass transfertransfer
–– Residence timeResidence time
–– SolubilitySolubility in in waterwater
–– TemperatureTemperature
–– BiologicalBiological degradationdegradation
–– Type of Type of microorganismmicroorganism
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TemperatureTemperature InfluenceInfluence

TemperatureTemperature has an has an 
importantimportant influenceinfluence on on 
thethe eliminationelimination raterate
–– best best efficiencyefficiency

betweenbetween 28 28 ˚̊C and 35 C and 35 
˚̊CC

–– MesophilicMesophilic bacteriasbacterias
–– SlowSlow reactionreaction//lowlow

influenceinfluence on on 
temperaturetemperature changeschanges
overover a a shortshort timetime
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InfluenceInfluence of of NutrientsNutrients

Special Special NutrientsNutrients forfor different different applicationsapplications
C:N:P:S C:N:P:S ratioratio importantimportant
InfluenceInfluence of of ammoniaammonia eliminationelimination and and 
growth of growth of biomassbiomass
ControlControl mechanismmechanism to to avoidavoid cloggingclogging
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InfluenceInfluence of Media Iof Media I

ImportantImportant characterscharacters of of 
Biotrickling mediaBiotrickling media
–– SurfaceSurface areaarea
–– WaterWater storagestorage capacitycapacity
–– Pore Pore sizesize
–– Pressure dropPressure drop
–– StabilityStability//physicalphysical datadata
–– EndlessEndless lifetimelifetime
–– ChemicalChemical and and biologicalbiological

resistanceresistance
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Pressure Drop in Pressure Drop in DependenceDependence of of 
ReactorReactor VelocityVelocity

Pressure Drop PU Foam (tobacco application)
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InfluenceInfluence of of VariationsVariations in in 
ConcentrationConcentration

ConcentrationConcentration
influencesinfluences thethe kineticskinetics
of of thethe reactionreaction
Limitation in Limitation in 
eliminationelimination possiblepossible
Most Most applicationsapplications areare
workingworking withwith a a 
kineticskinetics of 0 of 0 oror 1 1 
orderorder
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Pressure Drop in Pressure Drop in DependenceDependence of of 
BiomassBiomass ConcentrationConcentration

Dependance of Pressure Drop with biomass concentration
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InfluenceInfluence of of HumidityHumidity

HumidityHumidity has an has an 
importantimportant influenceinfluence on on 
thethe efficiencyefficiency
–– CloggingClogging cancan appearappear

byby uncontrolleduncontrolled
humidityhumidity

–– KineticsKinetics cancan bebe
influencedinfluenced byby humidityhumidity
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FlowFlow directiondirection

DownflowDownflow principleprinciple CountercurrentCountercurrent flowflow
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TypesTypes of of ReactorsReactors

ColumnColumn typetype
–– Single Single levellevel
–– TwoTwo levelslevels

Container Container modulemodule
–– StackableStackable
–– 2020-- ftft sizesize
–– 4040-- ftft sizesize
–– IndividualIndividual constructionconstruction
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Basic Evaluation Basic Evaluation forfor BiotricklingBiotrickling
Filter Filter ApplicationApplication

Determination of Determination of 
parametersparameters
–– FlowFlow raterate
–– TemperatureTemperature
–– HumidityHumidity
–– OperatingOperating hourshours
–– SpaceSpace AvailabilityAvailability
–– ProcessProcess waterwater analysesanalyses
–– Dust Dust concentrationconcentration
–– SolubilitySolubility of of pollutantspollutants
–– Regulation of Regulation of requiredrequired

efficiencyefficiency

OdourOdour RemovalRemoval
–– OlfactometricOlfactometric

MeasurementMeasurement
Gas Gas chromatographicchromatographic
analysesanalyses ((ifif necessarynecessary))

VOC RemovalVOC Removal
–– FID FID analysesanalyses
–– Gas Gas chromatographychromatography
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Determination of Determination of ProcessProcess
ParametersParameters

Laboratory Laboratory teststests
–– residenceresidence timestimes
–– SprinklingSprinkling quantityquantity
–– SolubilitySolubility
–– Type of Type of microorganismmicroorganism
–– COD/BODCOD/BOD
–– Nutrient Nutrient reciperecipe
–– PressurePressure dropdrop
–– Filter mediaFilter media

Pilot Pilot teststests on Siteon Site
–– residenceresidence timestimes
–– SprinklingSprinkling quantityquantity
–– Pressure dropPressure drop
–– Adaption of Adaption of microorganismmicroorganism
–– Adaption on Adaption on exhaustexhaust

parametersparameters
–– Nutrient Nutrient consumptionconsumption
–– ScaleScale up up parametersparameters
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Pilot Tests in Pilot Tests in TobaccoTobacco IndustryIndustry

Reemtsma Reemtsma (Germany)(Germany)

–– PrimaryPrimary
–– FlowFlow rate 300 rate 300 –– 1000m1000m³³/h/h
–– TemperatureTemperature 35 35 –– 65 65 ººCC
–– Humidity > 70 %Humidity > 70 %
–– Dust < 5mg/mDust < 5mg/m³³
–– Test period 3 monthTest period 3 month

ResultResult
–– Efficiency:  85% Efficiency:  85% -- 96%96%
–– Pressure Drop: < 550 PaPressure Drop: < 550 Pa

KT&G KT&G (Korea)(Korea)

–– PrimaryPrimary and and SecondarySecondary
–– FlowFlow rate: 500 rate: 500 –– 800 m800 m³³/h/h
–– TemperatureTemperature: 38 : 38 –– 60 60 ººCC
–– Humidity > 85 %Humidity > 85 %
–– pH: 3,5 pH: 3,5 --7,47,4
–– Test period 6 monthTest period 6 month

ResultsResults
–– Efficiency: >90%Efficiency: >90%
–– Pressure Drop:Pressure Drop: << 450 Pa 450 Pa 
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ComparisonComparison withwith CompetitiveCompetitive
TechnologiesTechnologies

ComparisonComparison in in operatingoperating costscosts of of BiotricklingfilterBiotricklingfilter withwith
BioscrubberBioscrubber
–– Examination of Examination of operationoperation and and maintenancemaintenance costscosts of of bothboth

technologiestechnologies byby Reemtsma Reemtsma –– Berlin Berlin duringduring thethe evaluationevaluation phasephase
[[referencereference Mr. Radola Mr. Radola -- Plant Plant managermanager]]

Basic Basic DataData:: flowflow raterate 3000 m3000 m³³/min/min
availableavailable spacespace 200 m200 m²²
odoursodours// mm³³ maxmax 1000 m1000 m³³
temperaturetemperature 55 55 -- 65Celsius65Celsius
dustdust < 5 mg/m< 5 mg/m³³
substancessubstances in in pollutantspollutants > 50> 50
RequiredRequired efficiencyefficiency >90%>90%
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ComparisonComparison in in operatingoperating costscosts of of 
BiotricklingfilterBiotricklingfilter//BioscrubberBioscrubber

ResultsResults of Reemtsmaof Reemtsma--
BiotricklingFilterBiotricklingFilter ((calculationcalculation))

–– Operation Operation costscosts
< 92000 < 92000 €€//yearyear

–– MaintenanceMaintenance costscosts
< 12000 < 12000 €€//yearyear

–– ResultsResults of of existingexisting plantplant
2001  2001  < 82000 < 82000 €€//yearyear
20002000 < 78000 < 78000 €€//yearyear
19991999 < 85000 < 85000 €€//yearyear
19981998 < 83000 < 83000 €€//yearyear

ResultsResults of Reemtsma of Reemtsma ––
BioscrubberBioscrubber ((calculationcalculation))

–– Operation Operation costscosts
> 245000 > 245000 €€//yearyear

–– MaintenanceMaintenance costscosts
> 21000 > 21000 €€//yearyear
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Design of Design of BiotricklingBiotrickling PlantPlant
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DAEGA DAEGA BiotricklingBiotrickling Installation at Installation at 
KT&GKT&G
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Invest Invest CostCost of of BiotricklingBiotrickling TechnologyTechnology
(European Prices)(European Prices)
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Invest Invest CostCost of of BiotricklingBiotrickling TechnologyTechnology
(European Prices)(European Prices)
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