Characterization of Biomass Combustion Particles
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Abstract

1. Introduction:

Residential wood combustion (RWC) is widely used for heating in many countries during winter and is increasing due to its considered CO2 neutrality. At the same time, RWC is an important source of both gaseous and particulate pollutants, such as fine particles, soot, PAHs, VOCs and carbon monoxide. 

Several evaluations show that RWC account large fraction of the stationary combustion based primary fine particle emissions world wide. On the other hand, it has been estimated that RWC can locally produce as much as 20–90% of the wintertime fine particle emissions (Boman et al., 2003). However, the main source of fine particles in many countries is a long-range transport, while wood combustion contributes to particles with a relatively high content of organic compounds. Thus, local emissions from RWC can be a real problem in densely populated areas where wood combustion is very common.

There are no general standards or methods to measure fine particles from continuous or batch RWC devices. However, there are many different test methods for in different countries, but their layouts are very massive and not applicable to field measurements. On the other hand, the modern devices, e.g. for measurement of particle number size distribution do not work properly in poor environmental conditions. Thus, the field results from RWC appliances are scarce.

2. Concept and methodology:

In this study, we present a novel workable and compact method for measurement of PM and gaseous species emissions from residential wood combustion in laboratory and field conditions. With this method several instruments measuring PM properties (PM, mass size distribution, number size distribution, chemical composition) can be used parallel to get the full spectrum of PM properties (Tissari et al., 2007).

The results of number size distributions from normal and smouldering combustion in a traditional masonry heater are presented here. First, a good operational practice producing a high combustion temperature was conducted in the experiments of normal combustion (NC). Secondly, smouldering combustion (SC) was produced by restricting the combustion air supply and slightly overloading the firebox with log-wood to achieve a low heat output. Smouldering combustion is a common poor operational practice due to slow heating combustion in a wood stove or an old wood boiler without a heat-storing tank, or in appliances where the storage of heat is not possible, e.g. in light metal stoves. It is important to note that the heater used in this study does not represent the most modern or the best available low emission technology in masonry heaters. The emissions from a modern masonry heater are lower than from a conventional masonry heater due to the more developed grate design, which provides an enhanced combustion rate and good air for fuel mixing (Tissari et al., 2007).

In Fig. 1 typical number size distributions from NC and SC are presented. Due large amount of condensable organics and lower temperature the particles grow larger and the total number is lower in SC as compared to NC. 
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Figure 1. The average particle number size distributions during normal and smouldering combustion as measured by a Fast Mobility Particle Sizer (FMPS)
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