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1. Introduction 

In recent years, several PF (Pulverized Fuel) power plant boilers originally designed for coal firing have been 
converted to use wood pellets as fuel. In most cases the conversions have been successful, and includes 
modifications of fuel storage facilities, mill equipment, burners and flue gas cleaning systems. Two mayor issues 
have to be dealt with when applying wood on PF power boilers, the high alkali rich wood ash and the relatively 
large wood particle size (up to 2mm) that may lead to poor burn out and unstable flames. The alkali rich ash may 
lead to excessive deposit formation, corrosion and poisoning of SCR units. Several wood-fired PF power plants 
use today coal fly ash as an additive to remedy the alkali related boiler issues. The combustion of the relatively 
large wood particles have been handled by making some modifications of the mill and the burners. However, PF 
wood boilers sometimes experiences problems related to the wood pellet fuel, which is not easily understood based 
on the standard fuel analysis often conducted on the received pellets. Typically appears problems with poor burn 
out (high loss of ignition of bottom or fly ash) or problems with obtaining adequate ignition such that the swirl-
stabilized flames are lifted from the near quarl area.   

Many studies have dealt with the combustion of wood at conditions resembling the conditions in wood stoves, 
grate or fluid bed boilers. However, the conditions in PF boilers are somewhat different with local temperatures 
up to 1500°C, maximum residence times of less than 5 seconds and the use of wood particles with a maximum 
size of 2 mm.  In recent years, some laboratory studies have investigated wood combustion at the relevant PF 
conditions, and in this work, we have tried to summarize the obtained knowledge with respect to how wood 
properties influence the combustion process in PF boilers. Our ambition is to understand which wood fuel 
parameters that mainly influences burn out and flame stability. In the future this may lead to recommendations for 
which fuel properties that should be analyzed to predict the PF combustion behavior of wood. This study provides 
information on particle properties that influences char yield, ignition, devolatilisation time and char combustion in 
wood PF boilers based on the present publish knowledge. 

2. Combustion of pulverized biomass 

Wood fired PF plants receive the fuel in form of wood pellets that are stored locally in silos to be protected against 
rainfall. The pellets are disintegrated and often partly comminuted in the plant mills, and from there the biomass 
particles is transported to the burners with the primary air. The combustion of solid fuels proceeds by drying 
followed by a devolatilisation phase and then an oxidation of the formed char. The devolatilisation is controlled 
by external and internal heat transfer as well as by intrinsic pyrolysis kinetics. The char conversion can happen by 
direct oxidation, or by reaction also with H2O and CO2 leading to a local formation of H2 and CO that is oxidized 
in the boundary layer. The char conversion process is therefore influenced by the transport of gaseous species, 
intrinsic reactivity and heat transfer.  

Often is used somewhat modified burners for the wood combustion in PF power plants. The large amount of fuel 
(lower heating value than coal) and the larger particles applied induce a risk for shooting the particles long into 
the boiler before ignition is obtained. Measures to reduce primary air inlet velocity is therefore used. The wood 
fuel properties related to devolatilisation mainly influence ignition and flame properties, while char conversion 
properties have a large influence on burn out. 



Some quite simple considerations on particles conversion can be done. Typically for high temperatures and large 
particles (as is the case for PF wood firing) kinetics is fast and transport phenomena’s have a controlling influence. 
In such a regime increased density or increased particle size will lead to both increased devolatilisation and char 
conversion time. 

3. Particle morphology and properties 

The proximate and ultimate analysis of wood differs significantly from coal and this is documented in several 
studies, and will not be discussed in detail here. Biomass have compared to coal a much higher volatile content, 
and the particles entering the burners appears as non-spherical particles. Wood has a low ash content (typically 
below 1wt%), but the ash is relatively rich in alkali. The physical appearance of the particles leaving the mills and 
entering the burners shall be shortly discussed. A study on the size, morphology and milling of wood on a Danish 
PF power plant revealed the size data shown in Table 1 [8].  The size data was determined by using a Camsizer, 
and it is shown as the volume based data providing the width of the particles. However, the Camsizer based size 
distribution was shown to correspond to similar data obtained by sieving analysis. It is seen that the particles 
entering the burner have a size range from 0.05 up to 1.5 mm. It is also observed in this case, that besides 
disintegrating the pellets they also undergo some size reduction at the power plant mills. 

Table 1. Size range of wood particles used on a Danish PF plant [8] 

 
 
 
 
 
 
 
 

The wood particles typically appeared as elongated flakes with an aspect ratio of approximately 2 (length to width 
ratio). This means that the largest particles typically will have a length of 3 mm a width of 1,5 mm and a thickness 
of 1 mm. Hawing in mind, that coal particles used for PF firing typically have a maximum size of 0.3 mm it is 
clearly seen that the applied wood particles are much larger. 

The density of raw wood varies typically in the range from 0.6 to 1.05 g/cm3 [6, 10]. However, after pelletilisation 
smaller variations are typically seen with levels in the range of 1.0 to 1.2 g/cm3 [9]. Studies on milling have shown 
[9] that when pellets of pine and beech were exposed to similar mill process conditions the product from beech 
had a lower particle size that the product from pine. 

4. Devolatilisation 

Most studies on devolatilisation at PF conditions (temperatures above 1000°C) have been done using particles 
larger or equal to 3mm [6, 10] or smaller than 0.4 mm [1, 2, 3, 4, 7]. For the larger particles, no fragmentation was 
observed during devolatilisation and only a small shrinkage of approximately 20% was observed. For the smaller 
particles, that experienced higher heating rates, larger transformation of the particles were observed [7, 3]. For 
wood particles with low alkali content, a complete melting of the particles during the devolatilisation process can 
be observed, and spherical char particles are formed. For particles with a higher alkali content less melting is 
observed, and some fragmentation seems to appear, however the degree of fragmentation has not been quantified.  

Experimental studies to determine wood pyrolysis kinetics at PF conditions [1, 2] and modelling of the 
devolatilisation conversion [10, 11] have been conducted. The studies shows that the size, density, water and 
temperature have a large influence on the devolatilisation conversion time, while other parameters as wood type 
and carbohydrate composition only have a minor influence. A model was developed of the devolatilisation 
conversion process accounting for heat transfer and kinetics and was evaluated against a large amount of 
experimental data [10]. As seen in Table 2 the smaller particles devolatilisation so fast that this will contributes 

Pellet type: I1 pellets I2 pellets 
Disintegrated pellets 
D10 (mm) 
D50 (mm) 
D90 (mm) 

 
0.17 
0.7 
1.5 

 
0.23 
1.0 
1.8 

Milled pellets 
D10 (mm) 
D50 (mm) 
D90 (mm) 

 
0.05 
0.41 
1.2 

 
0.05 
0.48 
1.4 



well to the flame ignition in the burner quarl area. Larger particles have much longer devolatilisation times, 
meaning that probably a significant fraction of smaller particles is needed to obtain a stable flame.  

Table 2. Devolatilisation time as a function of temperature, density and water content calculated with the 
program developed by H. Luo et al. [10]. 

Case          Particle size, mm / Devolatilisation time, s 
Temp. °C Density, g/cm3 Water, wt% 0.1 mm 1.0 mm 3.0 mm 

1200 0.4 1 0.008 0.33 1.9 
1500 0.4 1 0.005 0.22 1.4 
1200 0.9 1 0.017 0.71 4.3 
1200 0.4 10 0.019 0.81 4.9 

Ignition in wood dust flames is not investigated much. In some of our studies we have seen that as soon some 
volatiles are released they immediately ignites in the high temperature environment of the applied reactors. This 
could lead to the conclusion, that wood flame ignition is very dependent on the initial release of volatiles. 
Calculations on the first 1% volatile release done by the model of H. Luo et al. [10] shows that for particles less 
than 0.1 mm it takes only a few milliseconds to obtain initial volatiles release. An increase in size or wood water 
content can however significantly delay this initial release. 

5. Pyrolysis char yield 

The combustion of the gas phase volatiles is relatively fast, while the char conversion is typically the most time 
consuming process and therefore also responsible for carbon left in the bottom and fly ash. Studies on char yield 
have been conducted in several experimental investigations using entrained flow and wire mesh reactors [3, 4, 7], 
and a further statistical analysis of the data have provided an empirical equation for the prediction of char yield as 
a function of the most important parameters. It is observed that particle size (and the derived heating rate) final 
temperature and wood alkali content plays a major role for the char yield. Some example calculations of char yield 
are shown in Table 3. It is observed that the char yields are generally low (always below 7 wt %), and this explains 
why relatively large wood particles (up to 2 mm) can be applied, and a fine burn out still obtained. It is also seen 
that an increased wood density or wood alkali content leads to an increased char yield. 

Table 2. Char yields predicted as a function of temperature, density and alkali content calculated with the 
equation provided by A. Leth-Espensen et al. [5]. 

Case          Particle size, mm / Char yield, Wt% 
Temp. °C Density, g/cm3 K, wt% 0.1 mm 1.0 mm 3.0 mm 

1100 0.4 0 2.2 4.5 5.9 
1350 0.4 0 1.8 3.6 4.7 
1100 0.9 0 2.6 5.3 6.8 
1100 0.4 0.1 2.5 5.3 6.9 

6. Char conversion 

To investigate wood char conversion some studies have investigated the reactivity of char with respect to O2 and 
CO2 in a TGA [7, 12]. The char was produced at high temperatures, high heating rates and short residence times 
by use of entrained flow reactors. The reactivity was generally decreased with an increased devolatilisation 
temperature, and wood fuels with high alkali content seems to be relatively more reactive.  

In a recent study [13] – work in progress – both single particle char conversion experiments at PF conditions, and 
also a model that accounts for the reaction of both O2, CO2 and H2O within the particle, as well as gas phase 
reactions in the boundary layer is developed. The modeling shows that ignoring the influence of CO2 and H2O 
leads to an over prediction of the char conversion times. Furthermore, the experimental data indicates, that a high 
biomass alkali content leads to shorter conversion times by catalyzing the reaction between CO2 and H2O and the 
char carbon. The oxidation kinetics of O2 with the char seems not to play an important role at PF wood combustion 
conditions since all oxygen is consumed in the boundary layer by reaction with CO and H2. 

The data indicates that the char conversion time is mainly influenced by initial particle size, char yield, particle 
density and char alkali content. 



7. Discussion and conclusions 

When power plants experience problems with poor burn out or poor flame stability of wood pellet fuels, the typical 
first analysis to conduct are a water content analysis and a size distribution analysis of the disintegrated pellets. 
Large particles may obviously lead to poor burn out, and a high pellet water content could mean that complete 
drying of the wood particles are not obtained in the mill, and this could lead to a delayed release of volatiles in the 
flame. Based on the laboratory studies some further proposals for critical wood pellet properties that may lead to 
problematic combustion properties can be provided: 

‐ Some types of woods are more difficult to grind than others, and also an increased pellet water content 
result in a decreased comminution level. Besides measuring the size distribution of disintegrated pellets 
also a grindabilety test may be conducted, to test if the pellets is actually further grinded in the power 
plant mills. 

‐ The initial fast release of volatiles, which ensures ignition is very dependent on the smallest particle 
fraction (below 0.1 mm) and if this fraction is limited ignition problems may appear. 

‐ A high particle density leads to both higher pyrolysis time, char yield and char conversion time 
‐ A high fuel alkali content can catalyze the reaction of CO2 and H2O with char and thereby decrease char 

conversion time. Wood fuels with low K content could have prolonged char conversion time. 

Boiler residence time, applied lambda level and boiler flow pattern also plays an important role for fuel conversion, 
however this study have been focus on the influence of the pellet fuel properties. A reasonable understanding of 
devolatilisation and char formation is available today, but several fuel related subjects needs further studies; 

‐ Very limited data exist on wood conversion of particles from 0,2 to 3 mm at PF conditions 
‐ Some fragmentation may appear during devolatilisation for small wood particles 
‐ No clear understanding of the wood flame ignition mechanisms is presently available and cloud 

phenomena’s may be important 

‐ The complex char combustion process, involving both O2, CO2 and H2O is presently not investigated 
extensively for wood particles at PF conditions. Also the wood properties influence on the char 
conversion should be further investigated. 
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