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Removal of particles from biomass combustion – background and problem.  

Biomass fuel can be anything from clean wood to recycled contaminated
material then often classified as waste.

During combustion volatile inorganic material is evaporated and then condensed when the flue
gas is cooled. The rate of evaporation depends on the composition of  of the biomass, the 
combustion temperature etc. Theseevaporated particles have a size below one
micrometer - the submicron particles or dust. During periods of not so good
combustion  very small  submicron soot particles can also be formed.
The less volatile part of the ash can stay in the combuster as bottom ash or partly be sucked
out and is then found in the flue gas as particles bigger than one micrometer –
the supermicron dust. The rate of supermicron dust depends mainly on the ash content
and kind of combustion. In the supermicron fraction we can also find char and other similar
unburnt matter.  

The task for the dust collector is to reduce the concentration of particles to 
a required level.. This level depends on many parameters such as how the biomass is 
classified, size of the plant,  cocombustion, location,  local conditions etc. Plants burning 
biomass classified as waste have a dust emission limit of less than 10 mg /m3. 

As the submicron particles can penetrate into the smallest lung alveoli
it is of course particularly important to reduce the emission of  these
very small particles.     



Removal of particles in flue gas – principles.

Forces and typical equipments for the removal of particles:

Mass or inertia forces:

louvre collectors, cyclones, wet scrubbers,
gravel (sand) bed filters,  fabric filters (FF)

Electrostatic forces:

dry and wet electrostatic precipitators (DESP, WESP)
electrified gravel bed filters and wet scrubbers
fabric filters

Adhesion forces:

fabric filters



Equipment based on mass forces for particulate removal 

Louvre collector operates with deflection in a lattice. The equipmenthas an 
particle removal efficiency of 50%for particles in the range of 25 micrometer.
We call this particle size for the cut diameter. The louvre collector is a typical
precollector for electrostatic precipitators and fabric filters.

In a cycloneparticles are separated from the flue gas i a rotatingcentrifugal 
field. A good cyclone has a cut diameter of some� m but cyclones can also be 
designed for cut diameters of 10 - 15 � m.. A cyclone battery – multicyclone – is 
reliable and has a low investment costbut cannot remove anything of the 
submicron particles from a biomass combuster.

A gravel or sand bed filteruses deflection forces for the removal. Cut diameter 
is about one� m and thus somewhat better than the best cyclone.

Wet scrubberscan be designed for cut diameters from some� m down to about
one tenth of a � m – with a high pressure drop. The removal of submicron dust 
can be improved considerably by particle growth with presaturation and/or 
condensation



Removal of particles by electrostatic forces.

In the electrostatic precipitator (ESP) the particlesare charged by negative ions and 
then removed with a strong electrostatic field on the collecting plates where they
agglomerate. In a dry ESP (DESP) the collecting plates are cleaned by rapping. In 
the wet ESP (WESP) the collecting plates are washed. ESP can in principle be 
designed for any removal efficiency also for submicron dust. 

The DESP is sensistive for the resistivity of the dust which depends on the 
chemical composition to a high degre. A very high dust resistiviy disturbes the
DESP operation. Pulsed high  tension supply reduces this negative effect. WESP 
is not influeced as it has no dry dust layer on the collecting plates. Biomass fuels
with a high chlorine content, e.g. straw, generate a fine dust with a high resistivity. 

Electrostatic forces improve the performance of gravelbed filters and wet
scrubbers particularly on the submicron dust. There are a few electrified gravel bed 
filters (EGBF) on biomass fuelled boilers. The EGBF is not sensistive for high dust 
resistivity.

Electrified wet scrubbers are presented by at least one company and there are some
installations on waste fired boilers.   



The principle of an electrostatic precipitator with the electrodes and the 
high tension system



The mechanical system of a dry electrostatic precipitator (DESP) with 
three insulators and the rapping system from the top



Sketch of a rather big DESP with three separate electrical systems/rectifiers.   



A modern  DESP at a biomass fired boiler. The ESP is its own house thus
reducing the investment cost.  



Fabric filters collect particles by a combination of forces – adhesion, inertia
and electrostatic.

On and in a, normally woven or needled, fabric the particles are removed by a 
combination of forces. When the flue gas and the particles pass the thin fibers 
(about 50 � m) the particles are deflected by its inertia and electrostatic forces and 
touch the fiber surface where they are collected by adhesion and electrostatic
forces. Even better removal is obtained when the particles shall pass the dust layer
of the already removed particles.

The fabric can have various forms: bags, pocket, candleetc. The gas direction can
be from inside to outside, common for shaked and reverse air cleaned filters, or 
opposite from outside to inside which is used for pulsecleaned filters.

A fabric filter can normally be designed for a very high dust removal, also
for submicron dust. The fabric is sensistive for a high rate of sticky dust. Flue
gas temperatures above 200 degr. C require expensive fabrics

A fabric filter is not only an excellent dust separator, it is also a good contact
reactor for gas and additives.This properties have been used for almost 40 
years in processes like alumina smelting, glass and metallurgical and ceramic
processes, municipal and hazardous and infectous waste combustion etc. 



Pulse cleaned fabric filter (FF). 

Filtration takes place on and in 
the yellow bags which are 
supported by cages. Filtration 
direction is from outside to 
inside.

The bags are, normally with the 
gas online, cleaned with short
distinctive air pulses from the top 
of the bags. The bags are 
expanded and part of the dust 
cake is removed.

Big FF are built with 
compartments which each can be 
isolated from the flue gas with 
dampers in the ducts.

All service, e.g. inspection and 
exchange of bags are made from 
the clean gas side, above the 
yellow bags.

-



Pulse cleaned, also called high ratio, fabric filter for big boilers. The sketch shows a 
filter with six compartments. The flow direction around the bags are mainly from top 
to bottom which improves the settling of released dust.
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Dry electrostatic precipitators and fabric filters – a comparision

Dry Electrostatic precipitators
(DESP)

are very proven on biomass- there
are more than a thousend DESP:s 
in operation on very big black 
liquor boilers as well as very small 
wood fired boilers.

are very reliable with low
maintenance and operation cost.

can normally be designed for a very
low dust emission e.g. 10 mg/m3.

can as standard operate up to 400 °C 
are sensistive for dust with a high

resistivity which can occur when
e.g. biomass with a high content of 
chlorides are burnt.

Fabric filters (FF)

can normally be designedfor an 
extremely low dust emissionor 
some few mg/m3 also for 
submicron dust.

are good fixed bed reactorswhich
are valuable when contaminated
biofuel shall be burnt.

can be built in a compact way
are sensistive for a high rate of 

sticky dust. 
have often a lower first but a higher

operation and maintenance cost
than ESP.



Electrified gravel bed filters, wet scrubbers with and without electricity and 
wet electrostatic precipitators (WESP) for biomass combusters

Electrified gravel bed filters can be used for dust with a high resistivity and with 
moderate dust emission requirements e.g. 30 – 50 mg/m3.

Electrified venturi scrubbers are normally used as a final, polishing, dust 
separator at waste-to-energy plants when very low emissions are required.

WESP:s are very efficient independent on particle sizeand chemical
composition

The most interesting application of wet systemsis of course when acondensor
for waste heat recoveryis installed. For these plants the following two
combinations can be mentioned

a cyclone battery followed by a quench, WESP and a condensor
(will produce a limited amount of waste water)

a cyclone battery followed by a condensor and WESP – the whole water flow
from the condensor must be treated



Wet 
electrostatic 
precipitator 

(WESP)



A wet electrostatic precipitator downstream a multicyclone and a 
condensor for a biomass fuelled boiler



Water treatment for a wet scrubbing system at boilers fuelled by clean
biomass



WESP downstream
a multicyclone
and condensor



Condensor after a multicyclon for a grate fired steam boiler



Condensor to the right, water treatment down to the left , ID fan on the top,
heat exchanger below the condensor, above the water treatment the top of 

the WESP can be seen



Dry methods

can also remove almost all kinds of 
particles, sometimes with additives

can remove common gaseous
impurities with additives

generate a dry dust
are constructed in mild steel
leave a dry gas to further handling and 

treatment
are often rather big
must be designed to prevent fires

Wet or dry flue gas cleaning – a comparision

Wet methods

can remove almost all kinds of 
particles

can also remove gaseous impurities
can utilize the waste heat in the flue

gas by cooling and  
condensation

have no risk for fires
are often compact
require water treatment – an air 

pollution is transfered to the 
water 

generate a slurry or sludge
require a more exclusive material
leave a saturated flue gas



Removal of particles from combustion of biomass

- short summary

1. Normally thereare two fractions of particles
after a biomass combustor, the submicron
fraction and the supermicron fraction.

2. Small particles, the submicron fraction,
penetrate into the smallest alveoliin the lungs
and therefore it is important to reduce the 
emissions of both fractions.
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Removal of particles from combustion of biomass – short summary.

1 Normally there are two fractions of particles after a biomass combustor; one
submicron fraction and one supermicron fraction.

2 Small particles, the submicron fraction, penetrate into the smallest alveoli in 
the lungs. It is therfore important to reduce the emissions of both fractions.

3     Almost eachbiomass plantis unic and must be evaluated separately.

4    The well known and well proven dust separators, dry and wet electrostatic
precipitators (DESP and WESP) and fabric filter (FF), are very effectice in 
removing both fractions but have of course their plus and minus.

5 WESP in combination with a condensor, and a cyclone battery as a pre-
collector, is often a good solution if waste heat shallbe recovered. Wet systems 
are seldom the best solution without waste heat recovery by condensation.

6 The resistivity of the dust is important for a DESP. For plants which burn
known and controlled biomass DESP is often a good solution.

7 FF is not so sensistive for the composition of the dust. It can also be used as a 
chemical reactor. FF is often a good solution when contaminated biomass
shall be burnt and when a high grade of flexibilty is wanted.  
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