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Utilization of BiomassUtilization of Biomass
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ThermochemicalThermochemical Conversion of Conversion of 
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Basic DefinitionsBasic Definitions



Classification of Classification of PyrolysisPyrolysis



Methods to Remove Tars 
from Producer Gas

•• Physical Process Physical Process 
-- Filters, Wet ScrubbersFilters, Wet Scrubbers

•• Thermal ProcessThermal Process
-- Temperature exceeding 1000Temperature exceeding 1000ooC C 
-- require expensive alloysrequire expensive alloys

•• Catalytic ProcessCatalytic Process
--Operate at much lower temperature (600Operate at much lower temperature (600--
800800ooC ) than thermal processC ) than thermal process
-- Provide the simplest and most effective Provide the simplest and most effective 
means of removing tarmeans of removing tar



Tar Decomposition ReactionTar Decomposition Reaction

•• Cracking Cracking 
-- pCnHxpCnHx →→ qCmHyqCmHy + rH2+ rH2

•• Steam Reforming Steam Reforming 
-- CnHxCnHx + nH2O + nH2O →→ (n+x/2)H2 + (n+x/2)H2 + nCOnCO

•• Dry ReformingDry Reforming
-- CnHxCnHx + nCO2 + nCO2 →→ (x/2)H2 + 2nCO(x/2)H2 + 2nCO

•• Carbon FormationCarbon Formation
-- CnHxCnHx →→ nCnC + x/2 H2+ x/2 H2



Criteria for the CatalystCriteria for the Catalyst
•• The catalysts must be effective in the removal of The catalysts must be effective in the removal of 
tarstars
•• If the desired product is If the desired product is syngassyngas, the catalysts must , the catalysts must 
be capable of reforming methanebe capable of reforming methane
•• The catalysts should provide a suitable The catalysts should provide a suitable syngassyngas
ratio for the intended processratio for the intended process
•• The catalysts should be resistant to deactivation as The catalysts should be resistant to deactivation as 
a result of carbon fouling and sintering a result of carbon fouling and sintering 
•• The catalysts should be easily regeneratedThe catalysts should be easily regenerated
•• The catalysts should be strongThe catalysts should be strong
•• The catalysts should be inexpensiveThe catalysts should be inexpensive



Two Distinct Groups of Catalyst Two Distinct Groups of Catalyst 
•• Primary Catalyst Primary Catalyst 

--added directly to the biomass prior to added directly to the biomass prior to 
gasificationgasification
-- addition is either by wet impregnation of addition is either by wet impregnation of 
the biomass material or by dry mixing of the the biomass material or by dry mixing of the 
catalystcatalyst
-- purpose is reducing the tar content and purpose is reducing the tar content and 
have little effect on the have little effect on the conversinconversin of methane of methane 
and C2and C2--3 hydrocarbons in the product gas3 hydrocarbons in the product gas
-- operate under the same conditions of the operate under the same conditions of the 
gasifiergasifier



Two Distinct Groups of Catalyst Two Distinct Groups of Catalyst 
•• Observation with Primary Catalyst Observation with Primary Catalyst 

-- A change in product distributionA change in product distribution
-- A decrease in tar amount A decrease in tar amount 
-- an increase in hydrocarbon production an increase in hydrocarbon production 
-- a slight decrease in the amount of CO and a slight decrease in the amount of CO and 
increase in the amount of CO2increase in the amount of CO2
-- an almost no variation in the amount of an almost no variation in the amount of 
CH4CH4
-- Problems regarding catalyst deactivation Problems regarding catalyst deactivation 
and carryover of fines were severeand carryover of fines were severe
-- Catalytic tar reduction depends on Catalytic tar reduction depends on 
gasification conditionsgasification conditions



Catalyst in primary measuresCatalyst in primary measures



Two Distinct Groups of Catalyst Two Distinct Groups of Catalyst 
•• Secondary Catalyst Secondary Catalyst 

-- placed in a secondary reactor downstream placed in a secondary reactor downstream 
from the from the gasifiergasifier
-- Independent of the type of Independent of the type of gasifiergasifier
-- Operated under different conditionsOperated under different conditions



Tar Reduction ConceptTar Reduction Concept
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