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Operation of biomass boilers: 

Particles, Ash and Slagging 



Overview 

  

- Particle emissions from biomass boilers 

- Smokeformation  

- Smoke particles 

- Reduction of particle emissions 

 

- Ash and slagging in biomass boilers 

- Characterization of slagg 

- Ash-melting behaviour  

- Ash formation in biomass boilers 

 

 



Particle emissions from biomass boilers 

  

- Smoke? 

 

 Particles + droplets of water 



Particle emissions from biomass boilers 

  



Particle emissions from biomass boilers 

  



Bi-modal size distribution of smoke particles from 

biomass combustion 

  



Composition of particles (PM < 1µm) 

  



Amount of aerosol in relation to biomass 

composition 



Composition of particles (PM > 5µm) 



Composition of particles (PM > 5µm) 



Principles of ash formation in biomass-boilers 



Possibilities to reduce PM emissions  

Filter (bag 

or E-filter) 

Lower temperature 

reduces evaporation 

of ash-forming 

elements 

Step by step 

optimization of the 

combustion 

process) 

Cyclone 

separation (after 

or integrated in 

the boiler) 

Step by step 

optimization of the 

combustion, less 

primary air, reduced 

speed in fuel-bed) 



Principles of ash formation in biomass-boilers 

Ash and Slagging 



Ash and slagging  



Slag characterization  

Slag = molten ashes 



Standard analysis for ash melting temperature 

 – The ash fusion test 



At what temperature does ash melt 

Increasing Temperature 



Differences between biomass types 

Different ash composition  different melting point 



What is the reason for different melting 

temperatures  

*Ash composition in % 



What is the reason for different melting 

temperatures  

*Ash composition in % 



Principles for ash-formation in biomass boilers 



How to determine slagging of biomass fuels 

Experimental analysis of slagging 

properties at DTI 



 



References and further reading 

- Obernberger et al. www.bios-bioenergy.at  


