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Environmental Impact of Residential Heating
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Particle mass distribution from an automated wood boiler
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Particle mass distribution from a pellet stove
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Particle number distribution: Influence of combustion type
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Particle number distribution: Influence of combustion type
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Particle number distribution: Influence of operation in wood stove
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Log wood boiler: Influence of operation
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Influence of combustion phase in wood stove
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Consequences for secondary measures: catalysts, filtration, electrostatic precipitation (ESP), wet cleaning

Biomass
+ Char

— C causes fire risk
while removal by burning is
+ suited for ESP not possible due to salts + suited for
catalysts
— critical for filter — COC causes

and catalysts - clogging of filter
- back-corona in ESP — unsuited for

— cannot by re- filtration

moved by burning — Soot causes re-entrainment
in ESP

— residues and condensates
contain OC
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Start-up of wood stoves: Ignition from the top

@ Holzenergie :
SCHWE|Z www.holzenergie.ch




1-stage Combustion
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2-stage Combustion
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Under Stoker Boiler Moving grate Furnace
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ple of 6.4 MW District heating plant
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Graph by Schmid AG, plant in Wilderswil (Interlaken)
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Fluidized Bed Combustion
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Example of 42 MW FB boiler heating ETH Zirich
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Conclusion 1: Biomass combustion causes three types of atm. PM,:

1. Inorganic particles (salts) as primary PM from complete combustion
2. Soot, COC (and C) as primary PM from incomplete combustion

3. SOA from VOC

Conclusion 2: Inorganic particles are relevant for automated boilers
— salts can be effectively reduced by precipitation incl. ESP

— a limited decrease is possible by reduction of temp. and gas velocity

Conclusion 3: PIC are relevant for manual combustion
Type and concentration depend on oxygen and temperature:

— VOC and COC result from low temperature
— soot is formed at high temperature and local lack of oxygen,
— insufficient gas mixing increases all PIC
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Conclusion 4: Improved design applies two-stage combustion:

— solid fuel conversion with primary air
— consecutive oxidation in a hot chamber with secondary air

— improved mixing assisted by forced ventilation

Conclusion 5: Appropriate operation is crucial, e.g.:

— stoves need be ignited from top and operated appriopriately
— boilers need a heat storage tank to avoid throttling
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