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Introduction

 Biomass Combustion
– Current Irish situation
– Properties
– Combustion principles

 Emissions
– Gaseous
– Particulate
– Associated problems
– Regulations
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Introduction Continued

 Current Research

 Emission Reduction
– Strategies

 Primary
 Secondary

 Conclusion
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Biomass Combustion

 Current situation
– Domestic: Greener homes scheme
– Approx 6000 biomass stoves/boilers installed
– Commercial/industrial: Reheat Scheme

 68 MW approx
 160 boilers approx

– Future?
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Greener Homes Scheme
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Material Combusted

 Wood 
– Logs
– Pellets
– Chips
– Recycled

 Other biomass
– Miscanthus
– Straws
– Other agricultural residues
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Biomass properties
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Combustion principles
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Emissions
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Gaseous emissions

 CO2
– Released during any biomass combustion process
– Greenhouse gas contributor

 CO
– Mostly through inefficient combustion
– Health problems at high levels in enclosed environments

 NOx
– Environmental: Smog and acid rain
– Health: Respiratory effects

 SOx
– Environmental: Acid rain
– Health: Respiratory effects
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Particulate Emissions

Pictures of 
particulates
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Typical Emission Levels
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European Regulations (Germany)
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Irish Regulations (EN 303-5:1999)

 Table 7
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Future Regulations

 Switzerland: 50mg/m3 and ESP fitted to all 
new boilers

 Germany: 40mg/m3 by 2014

 Ireland: ?

 E.U. standards: ?
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Current Research

 ERANET project through SEAI and Teagasc
– Investigating PM and NOx reduction strategies
– Small scale boilers and stoves

 Blending
 Additives
 Air staging
 Flue gas recirculation
 Electrostatic precipitators
 Filters
 Scrubbers
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Emission reduction strategies

 Fuel blending
– Alternative biomass + Wood
– Best properties of both materials

 Additives
– Types: 

 Clay based minerals
 Lime

– Change ash melting properties
 Air Staging
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Air Staging
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Air Staging

 Varying primary and secondary air flows
– Changes combustion chamber atmosphere
– Two stage burning
– Formation of N2 rather than NOx

– Up to 70% reduction can be achieved
 Flue gas recirculation

– Flue gas at 350 – 400OC mixed with combustion gases
– Reduces amount of oxygen available for thermal NOx 

formation
– 20 – 30% reductions possible
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Secondary measures

 Electrostatic precipitators (ESPs)
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Secondary measures

 Electrostatic precipitators
– Efficiency depends on PM size
– Up to 60% on PM1

– Unproven technology on small scale
– Costs may be prohibitive

 Scrubbers
– Industrial scale

 Filters
– Unproven on small scale
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Conclusion

 Biomass combustion increasing
 Alternatives to wood?
 Future direction of regulations very important
 Emission reduction strategies can achieve up 

to 80% NOx and PM reduction

 Further research required
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Thank you for your 
attention

John.carroll@teagasc.ie
Tel: 059 9170228
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