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Wood Pellet in Power Boilers
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• Wood pellet is fast becoming the choice fuel to 
replace coal for large scale power production.

• Pellets are crushed to particles <2 mm for 
stable pneumatic transportation and enhanced 
combustion efficiency. (Marshall et al. 2011, Ontario 
Power Generation)

• The even flow of fuel into the grinder and 
combustion chamber depends on the moisture 
content, density and the size/shape of ground 
fuel particles.

• This research is concerned with understanding 
the role of size/shape of particles in even flow 
of fuel through the grinding/pulverizing  
system and feeding lines.

Coal pulverizer (Innovative 
Combustion Technologies website)

Industrial biomass burner



Pellet vs. Coal
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v Sources:

1- “The Application of the Dedicated Milling Concept for 100% Wood Firing at Atikokan Generation Station” Ontario Power generation, 2011.

2- “Overview of Wood Pellet Co-firing”, Drax Group, William Strauss presentation, 2016.

3- “Coal to Biomass Conversion Using Steam Treated Wood Pellets at Thunder Bay Generating Station”, OPG, 2012.

Parameter Lignite coal Wood pellet

Nitrogen (%) 0.6-0.7 ~0.1
NOx emission rate (kg/MWh) 1.06 0.666
Sulphur (%) 0.4-0.5 <0.05
SOx emission rate (kg/MWh) 3.22 0.035
Ash (%) 5-10 <0.5
Moisture (%) 20-30 < 8
HHV (MJ/kg) 20-35 18-19
Combustion temperature range 350-650 °C 225-380 °C



Size Reduction - Pulverization

4

• Larger pellet particles (with similar particle density) have higher
saltation velocity and require higher air in pulverizer (Marshall et al.
2011, Ontario Power Generation).

v Sources:
1- “Study of particle size distribution of pulverized coals in utility boilers”, 2018.
2- “Physical Properties and Drying Characterization of Pulverized White Pellet Particles of Atikokan Power Generation Plant”, 2015.
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Pulverized pellet
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Pulverized coal

Size distribution of 
pulverized coal depends 
on the type of boiler

Size distribution of 
pulverized pellet is limited 
by its constituent particles.

Particle density=
1.40-1.50 g/cm3

Particle density=
1.40-1.60 g/cm3
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Ground Particles’ Size and Shape?

Saw dust 
particles

Length/width=
4.5-4.7

Ground pellet 
particles

Aspect ratio=
1.5-1.6

Ground coal 
particles

Aspect ratio=
1.2-1.8

Lignite coal
Compaction ratio of needle 
like particles varies with the 
size of the particle, where the 
compaction ratio for round 
particles are mush smaller. 

Flowable
regime

Compression ratio 
of pulverized coal 

with ~500μm size is 
1.0-1.1.
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Angle of repose 
(degrees) Flowability

25-30 Very free-flowing
30-38 Free flowing
38-45 Fair flowing
45-60 Cohesive
>60 Very cohesive

Criteria for particles’ flowability

Flow Properties – Angle of Repose

• Pellet particles are less cohesive 
than sawdust or ground wood 
chips.

• Pellet particles are considered to 
have fair flowability.

~41°

Material Angle of Repose (degree) 
and particle size Classification

Sawdust 59°-61° for 600 μm Cohesive

Pulverized 
pellet 43°-45° for 500 μm Fair flowing

Pulverized 
coal 35°-37° for 500 μm Fair/free 

flowing

Angle of Repose flowability index for sawdust, pulverized 
pellet and pulverized coal.
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Drying Rates
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• Decomposition of pellet particles happens beyond 180 °C, whereas
coal could dry at 250-300 °C.

• Drying temperatures below 100 °C take significant time to dry the
material.

• Pellet particles shrink up to 17%.

Moisture loss of sawdust and pulverized pellet particles (initial MC=9%).



Conclusions
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• Pelletization makes the biomass particles’ shape
more round and close to coal particles’ shape, with
a length to width ratio of about 1.5-1.7.

• The density of ground pellet particles are in the
same order of those lignite coal.

• Pulverized coal is smaller in size than pulverized
pellets. Thus, pellet particles require a higher
airflow to move through the system.

• Drying rate of pulverized pellet particles are slow
and limited to the decomposition temperature
(160-180 °C)
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