Particulate matter emissions from small-scale biomass combustion systems – characterisation and primary measures for emission reduction
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Wood combustion for residential heating and hot water supply is traditionally applied in many European regions. During the last years measures for CO2-emission mitigation, the aim to utilise regionally available fuels as well as the dramatically increasing costs for fossil fuels have led to an enforced trend towards residential wood combustion. Thereby it has to be taken into consideration that in most European countries the present stock of residential biomass combustion systems in operation is dominated by old (older than 20 years), not optimised, combustion technologies. As national statistics from e.g. Austria and Germany clearly show, these appliances contribute with more than 80% to the number of plants. Especially during the last two decades, due to intensive R&D work, a rapid technological improvement of biomass boiler and stove technologies towards lower emissions and higher efficiencies took place at most of the relevant European producers. Periodically decreased emission limit values for such applications in Austria and Germany for instance but also in other European countries, have therefore been an important driver. A very good example for that improvement is the comparison of the particulate matter (PM) emissions of old logwood boilers and modern ones. While at old logwood boilers, average PM emissions over a daily operation cycle of more than 100 mg/MJNCV are reported, modern applications just emit about 10 mg/MJNCV. From this example it can be understood, of which magnitude the improvements achieved during the last decades have been. It also clearly shows the high potential for emission reduction that can be achieved by the substitution of old by new residential combustion systems.

Within the ERA-NET Bioenergy Project FutureBioTec an international consortium of 11 partners from 8 European countries among others investigated the present state-of-the-art regarding small-scale biomass boilers and stoves and worked out design and operation guidelines for future low emission small-scale biomass combustion systems. In the paper the results of FutureBioTec will be combined with knowledge gained at BIOENERGY 2020+ and BIOS BIOENERGESYSTEME GmbH achieved during other projects in order to summarise the present state of knowledge regarding PM emission characterisation as well as primary measures for emission reduction.

Particulate emissions from small-sale biomass combustion are generally dominated by particles <1 µm (so called aerosols). Aerosol particles consist of condensed hydrocarbons, soot particles as well as inorganic aerosols. The latter are formed from easily volatile and semivolatile ash forming elements released from the fuel to the flue gas (Mainly K, Na, S, Cl as well as easily volatile heavy metals such as Zn and Pb) and therefore there is only a limited potential for emission reduction by primary measures. Condensed hydrocarbons and soot particles on the other hand are a product of incomplete burnout and consequently their emissions can be significantly reduced by an optimisation of the combustion process. Therefore, all measures which reduce the CO and OGC emissions also significantly contribute to the reduction of PM emissions. 

Staged combustion, an appropriate distribution of primary and secondary combustion air, an improved mixing of the secondary combustion air with the flue gases as well as sufficient residence time of the flue gases in the combustion chamber at high temperatures, form the basis of low emission combustion concepts and therefore these parameters have been investigated during FutureBioTec. In order to develop advanced combustion chamber geometries as well as air distribution concepts computational fluid dynamics (CFD) have become a design instrument which allows for a quicker and more efficient identification of optimisation measures than traditionally applied experimental developments. The paper will thus also show some examples, how CFD can support the development of furnaces and stoves. Moreover, the influence of the user behaviour on the operation of stoves has been investigated and the advantages of the application of automated control strategies in stoves were investigated. Finally, the influence of advanced air staging in automated boilers utilising wood fuels as well as agricultural fuels on emission reduction has been studied. From this research work guidelines for low emission stove designs and operation as well as the application of advanced air staging as primary measures for the reduction of emissions, especially of PM emissions, have been derived. The paper will provide an overview over these guidelines and highlight the emission reduction potentials of the different primary measures investigated.

