Influencing parameters to achieve a clean combustion in stoves
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1. Introduction

In log wood stoves operation of the user behaviour is believed to be largely responsible for a great deal of pollutant emissions. Such user influences are the loaded fuel mass, log size, time of reloading, fuel type differences and fuel moisture content. But these impacts have so far only rarely been investigated. The aim of this research was therefore to evaluate different operational practises and to derive recommendations for practice.
2. Concept and methodology

Combustion measurements were performed using two different chimney stoves, both with a grate, and one tiled stove insert without a grate. They were fired with beech and spruce wood. The wood logs were prepared as cuboid-shaped test fuel as required in the Norwegian test standard NS 3058. Logs sizes, fuel loadings per batch, recharging times and fuel moisture were kept stepwise variable. Measurement of gaseous emissions (CO, OGC, NOx) were performed and the total particulate matter (PM) was sampled in parallel from both, undiluted and diluted flue gas.
3. Results and conclusions
For chimney stoves it was found that too small and sometimes also too large logs usually lead to increased emissions, e.g. the PM emissions can be doubled compared to the optimum (medium) log size. The tiled stove insert was only sensitive towards too small logs. The optimal moment of recharging was found to be depending on stove geometry and size, but mostly a reloading at flame extinction can be recommended for chimney stoves. All three stove types showed a negative combustion behaviour when only a single log was loaded or when the stove was overloaded by using a 1.7-fold of the nominal fuel mass per batch. Fuel moisture content a most crucial impact: a moisture content above 20 % should always be avoided, as severe CO, OGC and PM emissions became visible in the tests. The distribution of moisture in the fuel also plays an important role: logs which were wetted outside by rainfall showed a large CO- and PM-emission increase, even though the average moisture content remained well below the 20 % boundary. But too low moisture can also be harmful, thus an immediate use of over-dried logs from hot air ventilation (e.g. when using waste heat from biogas plants) should be avoided; they had in most cases caused significantly increased PM- and CO-emissions. 
The recommendations are used for the preparation of stove operation guidelines for instructing stove operators by chimney sweeps, as it has become obligatory in Germany.
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