State-of-the-art and assessment of filter technologies for residential biomass combustion systems 
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Solid biomass combustion is increasingly criticised as a major source of PM emissions. With the introduction of the EU directive 1999/30/EC, which limits PM10 concentrations in the ambient air, it had to be recognised that in many European regions these limiting values are frequently exceeded. As the main sources for PM emissions traffic, industry and domestic heating have been identified. The contribution of residential biomass combustion to the total PM emissions of the residential heating sector exceeds in some European countries 80%. Significant differences exist regarding the present dust emission limit values for small-scale combustion systems in Europe. This is of great relevance as stricter emission limits accelerate the technological development and the market introduction of particle precipitation devices. Up to now detailed studies concerning applications of different particle precipitation devices in small-scale combustion systems are scarce. Therefore, sufficient data concerning the applicability and availability of particle precipitation devices are not available so far.
Within the IEA Bioenergy Task32 “Biomass Combustion and Co-firing“ a survey on the present state-of-the-art of particle precipitation devices for residential biomass combustion systems (nominal boiler capacity <50 kW) in the Task32 member countries has been performed. The main objectives were the collection and compilation of data concerning the technological performance (applicability for different combustion systems, availability and precipitation efficiency) as well as the technological evaluation of the technologies. In addition, the situation of particulate emissions in general as well as of dust emission limits for residential biomass combustion in the IEA Bioenergy Task32 member countries is summarised. Furthermore, information concerning dust emission measurements regarding standards and specific problems are given. This paper gives an overview on the present state-of-the-art of small-scale particle precipitation devices available or under development and an assessment regarding their applicability, availability and technical performance. 
A literature survey as well as data available from filter manufacturers, data from national projects of the Task32 member countries and data from the ongoing ERANET project “Future Biotec”, formed the basis of this survey. The work mainly focused on technologies which are already available on the market or which are close to market introduction with an emphasis on dry and wet ESP systems or a combination of ESP with scrubber/condensing systems. Ceramic filters and catalytic converters have also been investigated but are of minor relevance at present. The survey involved the evaluation of 12 electrostatic precipitators, 2 catalytic converters, 2 ceramic filters, 3 condensing heat exchangers and one additional device. The assessment is based on test runs and measurements performed with these systems in Task32 member countries and on specific test campaigns within the ERANET “Future Biotec” project.
The ESP technology seems to be the most promising technological approach for small-scale biomass combustion. With the ESPs generally mean total dust precipitation efficiencies of 50 to 85% can be achieved. Up to now no promising results have been achieved with catalytic converters for wood boilers/stoves. A specially developed high temperature condensing heat exchanger has potential, but needs further research on practical needs. The dust precipitation efficiency of conventional condensing heat exchangers is rather low. In general particle precipitation devices are secondary measures and therefore could especially be attractive for old systems which show the highest particulate emissions. For these conditions the filters must really show a robust behaviour and must also be equipped with an efficient and automatic cleaning system. Therefore, the applicability of filters for old systems where really great particle reduction potentials are given should be a special focus of future work. 
There is no common international approach regarding PM emission measurements and a common European method to determine PM emissions is urgently needed. Moreover, also for the determination of filter efficiencies so far no common international approach exists. Regarding these future standards for filter testing relevant points such as the influence of the condensation of volatile organic compounds in and downstream the filter, aspects regarding the positioning of the filter (downstream boiler/stove outlet or on roof top) as well as the monitoring of filter parameters relevant for the filter performance must be considered. 
In order to seriously introduce new small-scale filters in the market, the filters must be well tested and reliable. Furthermore, the filters must operate automatically over a whole heating period and must work efficiently. Besides the technological requirements, which still have to be proven for most applications, also legal and financial incentives will be needed to really achieve an effective market introduction.

