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1 Abstract
Power plants are the most important sources of atmospheric contaminants. It refers equally to
conventional, coal-fired, as well as biomass co-firing plants. Biomass burning causes new operational
problems in electrostatic precipitators. Although there are an increasing number of publications on
troubles encountered in biomass co-firing boilers, there is still low number of papers on experimental
or operational results regarding the electrostatic precipitators cleaning the flue gases from co-fired
biomass. These new problems arising in electrostatic precipitators result from the fact that these
precipitators were designed for burning the coal, which is of different chemical composition than the
biomass and the physical properties of fly ash are also different. The differences in flue gas
composition, particularly variations in particle size distribution in submicron size range, increased
emission of CO, and tar leaving the boiler. These new after-burning products, can cause degradation
of construction elements of ESP, for example, chlorine or sulfur corrosion of metals, degradation and
contamination of HV insulators, etc. Tar present in flue gas after wood burning can, after a longer time,
be deposited onto the insulators, changing their electrical properties and causing an increase in
leakage current or even the surface breakdown. It was reported in the literature that increased amount
of CO in the flue gases can result in fires in ESP. It seems plausible that the same problems will be
encountered in ESP cleaning flue gases from biomass burning boilers. The long-term effects of cofiring on the electrostatic precipitator are, however, not known.
There are also met some reports on positive aspects of biomass co-firing for ESP operation. It was
noticed that the emission of SO2 and NOx is reduced when a small amount of biomass is added to the
bituminous coal, due to Ca, K and Na content in the biomass. The emission of SO3 is also decreased
because of high concentration of CaO in the fly ash. However, due to the reduction of SO3 and low
content of unburned coal in fly ash, the flue gas conditioning would be necessary in order to prevent
the back discharge in ESP. This effect can be slightly compensated by higher moisture content in flue
gas after biomass co-firing.
The purpose of this paper is to outline some new aspects of the effect of biomass co-firing on the
short- and long-term operational properties of electrostatic precipitator. The considerations are based
on preliminary reports met in the literature and some experimental results of the authors

2 Introduction
Power plants are one of the most important
sources of atmospheric contaminants. It refers
equally to conventional, coal-fired, as well as

biomass co-firing plants. Recently, biomass is
added to coal in order to decrease additional
emission of carbon dioxide. To biomass belong
all
organic
products
originating
from
agriculture, forestry or food industry, which are

suitable to be burned. With co-fired biomass,
the chemical composition and physical
properties of fly ash significantly change that
causes new operational problems in cleaning
flue gases with electrostatic precipitators. This
problem has not been sufficiently extensively
dealt in the scientific publications. Some of the
reports indicate that current operational
properties of electrostatic precipitators do not
change significantly when a few percents of
sawdust is co-fired with bituminous coal [1],
however, a long-term effect on the electrostatic
precipitator has not been identified yet.
The effect of biomass co-firing on the shortand long-term operational properties of
electrostatic precipitator based on preliminary
reports met in the literature and some
experimental results of the authors are
discussed in the paper.

3 Fly ash properties
Main components of fly ash exhausted from
coal-fired boilers are SiO2 (roughly 1/2), Al2O3
(1/4) and Fe2O3 (1/8) [2]. Other elements which
content is larger than 1 mg/g each, are Ca, Na,
Mg, K, Ti, S [3, 4, 5]. These ratios can vary
depending on the mine the coal was taken
from. In chemical composition of fly ash from
biomass co-fired boilers the percentage of
these components decreases because the
alkaline compounds (CaO, MgO, NaO, K2O,
P2O5) originating from co-fired biomass appear
[6, 7, 8]. The minerals comprise about 8 wt.%
in coal, but about 6 wt.% in straw, 2.8 wt.% in
willow, and 0.3 wt.% in beech [9].
The differences in chemical composition can
be shown, for example, in the emission
spectrum of fly ash subjected to electrical
discharge. The results for the fly ash from
burned bituminous coal and the coal co-fired
with biomass are compared in Fig. 3-1. Intense
lines of Na, Mg, Ca, and SO2 can be noticed in
the emission spectrum. Nitriles (CN) are
probably an effect of chemical reactions
between coal and nitrogen caused by the
electric-discharge plasma.
(a)

(b)

Fig. 3-1: Emission spectra of fly ash from
bituminous coal (a) and the coal co-fired with
biomass (b). Pulverized-fuel boiler in Gdansk
Power Plant EC-2, year 2002 (a), year 2009
(b). Electrode distance 20 mm, voltage 25 kV
The elemental composition of the fly ash from
biomass co-fired boiler is shown in Fig. 3-2.
Main elements, of weight percentage larger
than 1%, found in the fly ash are Oxygen,
Carbon,
Potassium,
Silicon,
Sodium,
Aluminum, Sulfur, Phosphorus, Iron, Calcium.
Similar results were obtained for the fly ash
from coal fired boiler. Trace elements like
heavy metals were not identified with this
method. It should be noted that high content of
carbon can originate from carbon tape used in
SEM as substrate for the fly ash.

Fig. 3-2: Elemental composition of fly ash
from the coal co-fired with biomass.
Pulverized-fuel boiler in Gdansk Power Plant
EC-2, year 2009
The size of fly ash particles from the coal-fired
boilers is in the range of 20 nm to 200 µm [10].
It was also noticed that total emission of
particulate matter decreases when biomass is
co-fired, but, at the same time, increases the
number of submicron particles, which are
difficult to be removed by electrostatic
precipitators [11, 12]. The submicron particles
are mainly formed from the compounds of Ca,
Fe, Al, Mg, Si [7], and small amounts of
compounds of K, S, Mn, Cl [8]. Two distinctive
ranges in particle size from coal can be
distinguished: smaller than 1 µm, which

constitute only 1% of total mass but 99% in
number size distribution, and larger than 1 µm
[13]. The mean mass density of fly ash is about
3
3
2.45×10 kg/m [2, 14], and is close to the
density of main component of fly ash - SiO2
3
3
(2.2×10 kg/m ). Submicron particles are
formed as a result of bursting of larger ones
due to the gas explosion present within the
mineral components of the fuel. These
particles absorb volatile elements before
condensing and bear most of the metals
released from the fuel [4]. The emission of
biomass-burned particles decreases when the
moisture content in the fuel is in the range of
15-25% (sawdust) [15]. Higher moisture
content causes a decrease in the temperature
in boiler that results in not complete burning of
biomass and higher emission of fly ash and tar.
Lower water content causes volatilization of
lighter hydrocarbons which are exhausted to
the atmosphere [15].
The differences in fly ash morphology from
burned bituminous coal and the coal co-fired
with biomass are compared in Figs. 3-3 and
3-4.
Scanning
electron
microscope
photographs of the fly ash from bituminous
coal taken from the third stage of electrostatic
precipitator in Gdansk Power Plant EC-2 show
that particles larger than 1 µm are spherical
(Fig. 3-3). Particles smaller than 0.1 µm are
irregular in shape and firmly adhere to the
larger ones. The larger particles are formed
from fused silica with alumina. In the fly ash
from the bituminous coal co-fired with biomass,
there are irregular, basket-like particles
originating from the burned biomass of the size
of 100 µm or larger (Fig. 3-4b). These baskets
are frequently filled with smaller particles,
which are the mineral components of coal. The
aerodynamic density of the basket particles is
much lower than the mineral components,
mainly SiO2 and are difficult to be removed in
first and second stages of ESP.
In boilers co-firing biomass, Na and K released
during burning are volatilized in high
temperatures and are deposited onto boiler
inner surfaces that results in faster corrosion of
the boiler parts. An effect of Na, K and Cl on
the corrosion in electrostatic precipitators has
not been investigated yet.

Fig. 3-3: SEM micrographs of fly ash from
bituminous coal. Pulverized-fuel boiler in
Gdansk Power Plant EC-2, year 2002
(a)

(b)

Fig. 3-4: SEM micrographs of fly ash from
bituminous coal co-fired with biomass.
Pulverized-fuel boiler in Gdansk Power Plant
EC-2, year 2009
The equilibrium of Stokes drag force and
electrostatics force on a fly ash particle
charged to the Pauthenier limit in the electric
field E gives the terminal velocity of the
particle:
2rε 0 E 2 ε r
(1)
w=
η εr + 2
From this equation results that the velocity is
proportional to the particle radius that should
speed-up the migration of such particles

towards collection electrode and increase the
collection efficiency compared to small fly ash
particles. However, equation (1) is valid for
smooth solid particle or undistorted droplet.
Particles emitted after biomass firing are not
smooth, have many voids and for this case the
drag force has not been determined yet. Also
the process of charging of such irregular
particles has also not been recognized. The
charge of biomass-burned particles would also
be changed because of different dielectric
constant of the material.

electrostatic precipitators are still controversial.
The results presented by Kruczek et al. [19]
indicate a decrease in the CO emission in
boilers co-firing forest-wood waste. Wiltsee
[20] reports that biomass causes an increase
of CO concentration. Probably the differences
depend on the kind of biomass. Fires within the
ESP due to too high concentration of CO have
also been reported. The effect of CO
concentration on the collection efficiency and
operational parameters of ESP still require
further investigations.

4 Heavy metals emission

6 Tar emission

The emission of heavy metals is another
issue in coal burning. The heavy metals
detected in bituminous coal are Se, As, Cd,
Hg, Ni, Pb, Cr, Sr, Be, V and U. They are
mainly in the form of submicron particles,
which are particularly difficult to remove [3, 5,
14, 16, 17, 18]. In the case of biomass cofiring, the heavy metals are chemically
bounded in the bottom ash at the temperature
of 700ºC or higher. For example, only 0.8-4 %
of cadmium has been volatilized (at 830ºC)
while the rest was bounded within the fly ash
particles. Lead and cooper are bounded in the
bottom ash (Cu: 28-30%, Pb: 14-16%).
Volatilized Zn was at the level of 0.1-0.3%. The
results of investigation on the effect of biomass
co-firing on heavy metals emission are not
conclusive: an addition of biomass can
increase or decrease the heavy metals
emission, depending on many circumstances,
including the content of Cl and S in the
biomass [19].

Tar is a class of organic compounds (mixture
of condensable hydrocarbons) of molecular
weight larger than molecular weight of
benzene [21]. Electrical-discharge generated
plasma can be favorable to the condensation
of light hydrocarbons to the heavier ones. Such
heavy hydrocarbons can form a coating on the
insulators and electrodes, which is difficult to
be removed. However, there lack sufficient
data on the tar emission on operational
properties of ESP. Van Paasen et al. [22]
reported on the results of operation of a wet
ESP cleaning a biogas, and concluded that the
contamination of electrodes was insignificant
after
200 h
of
operation.
The
inlet
3
concentration of tar was from 0.9 to 2.2 g/m
3
and at the outlet 400-800 mg/m . The dewpoint of the tar from biogas varied from 111ºC
to 148ºC, and for polycyclic aromatic
hydrocarbons it was about 20ºC. However
there lack investigations of months-long
operation of ESP for similar tar loading.
Incomplete burning of wood will form a difficultto be removed deposit on insulators and
electrodes of ESP. Results of experimental
investigation indicated that the collection
efficiency of ESP cleaning flue gas after wood
combustion decreased from about 80% to
below 20% after 5 hours of operation due to
high tar content [23]. Most of the particles were
deposited just under the discharge electrode
as a result of high electric field at this place.
Novel inventions which could solve this
problem are an urgent need.

5 Gaseous compounds
emission
In pulverized-fuel boilers, the NOx compounds
are formed from the nitrogen originating from
the fuel. It is emitted as HCN after coal burning
or NH3 after biomass burning [19]. The
emission of SO2 and NOx decreases after the
addition of biomass to the coal due to the
content of alkali metals, such as Ca, K, Na, in
biomass [1]. In the case of firing of coal and
biomass, the conversion of sulfur to the SO2 is
inversely proportional to biomass percentage,
and decreases for coarser biomass particles
because of part of sulfur remains in the bottom
ash [19]. However, flue gas conditioning would
be required at too low concentration of SO3
and SO2, which is reduced by CaO and MgO,
in order to increase the fly ash conductivity,
and prevent decreased collection efficiency
and back discharge in ESP.
The effect of biomass on the CO emission, and
the role of CO on the collection efficiency of

7 An effect of biomass cofiring on the collection
efficiency of electrostatic
precipitators
Preliminary laboratory tests have been carried
out by Jędrusik et al. [24] on a laboratory
model of electrostatic precipitator with various
discharge electrodes and for fly ash from coalfired fluidized boiler (sample C), the same coal

with 10% co-fired biomass (sample B), and
50% of biomass (sample W). The size
distributions of fly ash particles and their
chemical composition do not differed much,
with only increased percentage of K2O (by
about 1 wt.%) and SiO2 (by about 4 wt.%) in
the fly ash from co-fired biomass.
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Fig. 7-1: a) Collection efficiency of laboratoryscale ESP vs. voltage of discharge electrode
for various fly ash sources: fly ash C from
burned bituminous coal, fly ash B from
bituminous coal with 10% of co-fired biomass,
fly ash W from bituminous coal with 50% of cofired biomass; b) Scheme of the double-spike
discharge electrode
Measurements of the collection efficiency of
laboratory-scale electrostatic precipitator with
double-spike discharge electrode (shown in
Fig. 7-1b) are presented in Fig. 7-1a. The
collection efficiency depends on electrical
parameters of the discharge and the biomass
percentage. The collection efficiency increases
with an increase of the voltage supplying the
discharge electrode, but it is saturated for a
certain voltage magnitude, of about 50 kV, in
this specific case. Further increase in the
voltage can even cause a slight decrease in
the collection efficiency. It was also
determined, that small addition of biomass
(10%) to bituminous coal causes an increase
in the collection efficiency, whereas for higher
content of biomass, 50% or larger, the
collection
efficiency
decreases.
These
preliminary results indicate that further
research on the effect of co-fired biomass
content on the collection efficiency is required
in order to optimize the operational parameters
of electrostatic precipitator.

8 Conclusions
The effect of biomass co-firing on the
operational
parameters
of
electrostatic
precipitator has been considered in the paper.

There still lack sufficient data to answer the
question which properties of flue gases cause
a decrease of the collection efficiency of
electrostatic precipitator and which help to
improve the quality of exhaust gases. Another
issue is the effect of chemical composition of
flue gas, different from that from the coal fired
boilers, on the contamination and degradation
of electrostatic precipitator construction
elements. The research in this field is also
poor. The paper has indicated new directions
in the investigations of the electrostatic
precipitator operation when biomass is co-fired
with coal in traditional boilers.
The positive and negative effects of the
biomass co-firing on the electrostatic
precipitators are summarized in Table 1. The
further research should be aimed at the effect
of biomass co-firing on the collection efficiency
of electrostatic precipitator, emission of
submicron particles, heavy metals and tar as
well as contamination and degradation of
electrodes and insulators due to increased
production of tar, chlorine and sulfur
compounds.
Table 1
Biomass co-firing
Positive and negative effects on electrostatic
precipitator
Positive
1. Reduced emission of SO2 and NOx (due to
Ca, K, Na content, lower content of N and S
in biomass).
2. Increased collection efficiency (larger
particles, ease of agglomeration).
3. Reduced emission of mineral particles (due
to lower content of minerals in biomass).
Negative
1. Chlorine and sulfur corrosion.

2. Electrodes and insulators contamination
(due to increased tar emission).
3. Back-discharge ignition (due to reduced
content of SO3).
4. Reduced collection efficiency (because of
too high resistivity of the fly ash).
5. Possible fires in ESP (due to increased
emission of CO).
6. Increased emission of PM2.5 (due to higher
concentration of submicron particles).
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