Waste Incineration in Europe
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Introduction

Waste incineration is an old and established method for treating waste. But it has
developed significantly since its inception. The first waste incineration plant in Europe
was built during the 1890s, at which time a key benefit was in matters of hygiene,
helping to solve the enormous problems with cholera faced by densely populated
European cities. Hygiene issues remained a factor during the 1900s when another
benefit of technology emerged, that of reducing the increasing volumes of waste
being generated. Incineration was not associated with any form of recovery. This type
of objective is relevant for a society with linear material flows where raw materials are
provided from virgin materials and the waste dumped without any recycling. It is not
in accordance with a society of sustainable development.
Today we aim for a cyclic flow of resources. There is only one objective for waste
incineration in an ‘eco-cycle’ society and that is energy recovery. Volume reduction is
no longer an objective, though it remains an important parameter when comparing
environmental impact. And incineration is only justified when the method is at least as
favourable as other recycling or recovery alternatives [1].
This lecture gives a detailed overview of the Waste-to-Energy market in Europe. It
contains statistical data as well as a summary of the various types of technologies in
flue gas cleaning which are currently used in modern MWI.
2.

A brief compendium of the history of waste incineration in Europe

The idea of destroying waste through incineration in appliances designed exclusively
for that purpose appeared in Europe in the second half of 19th century. It may have
been inspired by fascination with power producing steam engines. Production of
steam was one of the main reasons for building incinerators. Among other motives
were the necessity of waste "bacteriologic sterilisation" to prevent spreading of
diseases as well as quick disposal of the increasing amount of waste resulting from
rapid industrialisation and development of cities.
The first incinerator was built in Paddington, England, in 1870. It did not work long
though as waste processed in it had too large content of water and ash. In spite of
attempts to burn carbon-enriched waste, the plant was not able to produce the
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planned amount of steam, and thus also energy, so it could not fulfil its main purpose.
Moreover, people living in the vicinity of the incinerator, poisoned with black stinking
smoke, protested against the plant.
Though the first incinerator appeared to be a failure, the technology itself began to be
very popular in Great Britain. Till the beginning of our century, over 210 plants were
built, 14 of which in London. One of the longest-working incinerators was built in
Manchester in 1876 and closed down in 1903. In 1893 the construction of the first
incinerator on the Continent, in Hamburg, was started. Ten years later appeared
others in Denmark (Frederiksberg, 1903), Sweden (Stockholm-Lövsta, 1906),
Belgium (Brussels), and in Switzerland (Zürich).
In the same time first incinerators were built in the Middle Eastern Europe, in Czech
(Brno, 1905) and in Poland (Warsaw, 1906). An installation in Warsaw functioned for
a considerably long time, that is until it was destroyed by military operations in 1939.
The region of the Middle Eastern Europe quickly reached the "standards" of the rest
of the world. However, there had been a longer tradition of environmental friendly
waste management. The first in Europe waste segregating and recycling plant was
constructed in Budapest, in 1883.
About 1900 in Vienna, Stuttgart and Paris pyrolysis installations for production of
methane were constructed. The heat generated by combusting of the methane was
to be used for steam production. However, impossibility to obtain gas of a stable
composition and large amounts of unburned residue, up to 63% of the input waste,
were reasons for economic collapse of the plant.
In the 80's of the 19th century the incinerators spread from Europe to reach the USA.
In 1885-1908 there were 180 stationary and mobile incinerators in operation, burning
waste collected indirectly from streets. In 1909 most of them (102) were closed down
because of construction failures. The incinerators adjusted to the European
conditions appeared to be unsuitable for incinerating waste of composition typical for
the contemporary USA in that time.
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At the beginning of the 20th century the European incinerators were also closed
down because of considerably lower costs and higher efficiency of using other
energy sources, like coal, gas or oil, instead of waste.
Problems occurring in the first incinerators did not result in giving up this method of
waste destruction. New designs were introduced, the combustion temperature was
raised, the chimneys were built higher in order to disperse the pollution better. In the
30's the essentials of the technology were constituted for the plants, and they have
prevailed to our times.
In the years between the two World Wars and soon after the Second World War,
several hundred incinerators were built all around the world; only in the USA there
were about 700 of them. The popularity of waste burning decreased at the beginning
of the 50's because incineration was superseded by a cheaper method that is waste
dumping.
However, the recession did not last long. At the beginning of the 70's an idea of
massive incineration of waste was widely promoted, mainly in Europe. There were a
few reasons for the phenomenon. First of all, the content and amount of waste
radically changed. Formerly, the main components of waste were ash and slag from
domestic stoves as well as organic substances. Now more paper, cardboard and
plastic waste appeared, which was caused by the increase in package production,
especially of disposable containers. Decreasing amount of ash and slag resulted
from appearing of central heating in towns. Consequently, the waste energy value
raised and the incineration process became more efficient. More energy could be
obtained while less residue remained. For advocates of incinerators this was an
argument in favour of "utilisation of waste as an energy source" and including the
plants into the town heating systems. Additionally, the energy crisis was a reason for
utilising the "waste fuel" and reducing consumption of conventional fuels, namely coal
and petroleum.
Incineration was to solve more and more apparent problems caused by toxic waste
not only coming from manufacturing processes but also contained in the municipal
waste. This attitude was a consequence of the policy prevailing at that time, focused
mainly on pollution control rather than on the prevention. It was assumed that the
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environment is capable to accept certain amount of toxic substances without side
effects.
The above factors as well as a conviction that the incineration technology is fully
developed resulted in the common belief that incinerators would, in future, supersede
other methods of waste management, first of all - waste dumps.
In fact, most of the incinerators constructed then were prototypes, still lacking
sufficient final solutions. Many of them were just boilers designed for coal, not waste,
burning.
In the same time, in the 70's, it was planned to widely introduce toxic waste
incineration at sea. Ships designed exclusively for that purpose were to destroy
chlorinated waste, mainly the chlorinated organic compounds, one of the most
poisonous substances known to the man. The first ship of this type was Mathias I,
since 1969 belonging to Germany. Within twenty years eight such ships were built;
three of them were in operation up to 1991. The exact amount of waste incinerated
by them is unknown. The last accessible statistics date from 1985, when 105,709
tonnes of chlorinated waste from 10 countries of the Western Europe was incinerated
at the North Sea.
From the very start there were serious problems with operating and controlling the
ship-incinerators. In the consequence they were forbidden in the USA as well as in
the Mediterranean and Baltic countries. Finally, at the Conference of the Ministers of
the North Sea Countries, a resolution was passed banning waste incineration at sea
since 31st December 1994.
As far as incinerators for municipal waste are concerned, the situation in the USA
was slightly different. 364 plants were functioning there since 1969. In 1970 new
regulations were issued considering protection against the air pollution, called Clean
Air Act. More strict law resulted in shutdown of most of the incinerators. In 1979 only
64 incinerator worked.
However, unlike in the Western Europe where in the 80's the market for waste
incinerators rapidly collapsed, in the USA the plants again began to arouse interest.
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"Many decision makers in the U.S. were persuaded in the early 1980s that the
Europeans had long trouble free history of operating trash incinerators in Europe and
that the technology was popular with citizens and officials. This message was usually
coupled with an all-expenses-paid trip to a number of European plants which
appeared squeaky clean. They were seldom taken to speak with local citizens or
activists, nor were they taken to see waste management alternatives." Paul Connett.
Since the second half of the 70's alarming news was spread about pollution resulting
from incinerating toxic and municipal waste. Large emission of dioxins, furans and
heavy metals, mostly cadmium and mercury, was observed. Thorough examination
of incinerators, completed in the 80's, confirmed that waste incineration was the main
source of toxic substances emission [2].

Figure 1:
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Figure 2: Draft of a waste oven, app. 1900

3.

Overview of Waste Incineration in Europe

The scale of use of incineration as a waste management technique varies greatly
from location to location. For example, in European Member States the variation of
incineration in municipal waste treatments ranges from zero to 62 per cent.
In EU-15 Member States (MS) an annual quantity of approximately 200 million
tonnes of waste may be considered suitable for thermal waste treatment. However,
the total installed capacity of thermal waste treatment plants is only in the order of 50
million tonnes incinerated by app. 420 plants.
Figure 3 below gives an estimate of the treatment of the waste arising in each MS for
municipal waste, hazardous waste and sewage sludge. Deposited waste is included
because a considerable proportion of these wastes may, in future, be diverted to
other waste treatment methods, including incineration [3]
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Figure 3: Amounts of municipal waste (MSW), hazardous waste (HW) and sewage
sludge (SS) in EU-15 MSs, and their treatment

Figure 4: Geographical distribution of incineration plants for municipal, hazardous
and sewage sludge waste

Figure 5: Municipal waste incineration capacity per capita ,* means incomplete data
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The size of installations varies greatly across Europe. Variations in size can be seen
within and between technology and waste types. The largest MSW plant in Europe
has a capacity in excess of 1 million tonnes of waste per year. Geographical and
logistical requirements as well as the amount of waste collected in the specific area
are the dominating factors for the size of an incineration plant. Figure 6 below shows
the variation in average MSW incinerator capacity by country:
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Average MSW incineration plant capacity by country

Currently there are app. 25 new incineration plants under commissioning and another
20 plants planned.
4.

Waste Incineration Technology – Overview and Introduction

The basic linear structure of a waste incineration plant may include the following
operations. Information describing some of these stages is included later in this
chapter:
• incoming waste reception
• storage of waste and raw materials
• pretreatment of waste (where required, on-site or off-site)
• loading of waste into the process
• thermal treatment of the waste
• energy recovery (e.g. boiler) and conversion
• flue-gas cleaning
• flue-gas cleaning residue management (from flue-gas treatment)
• flue-gas discharge
• emissions monitoring and control
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• waste water control and treatment (e.g. from site drainage, flue-gas
treatment, storage)
• ash/bottom ash management and treatment (arising from the combustion
stage)
• solid residue discharge/disposal.
Each of these stages is generally adapted in terms of design, for the type(s) of waste
that are treated at the installation. Many installations operate 24h/day, nearly 365
days/yr. Control systems and maintenance programmes play an important role in
securing the availability of the plant [4].
Figure 7: Example layout of a municipal solid waste incineration plant in 2001

In the example shown above (Figure 7), the incoming waste storage and handling
stages are on the left of the diagram, before the incineration stage.
4.1 Grate Incinerators
Grate incinerators are widely applied for the incineration of mixed municipal wastes.
In Europe approximately 90 % of installations treating MSW use grates. Other wastes
commonly treated in grate incinerators, often as additions with MSW, include:
commercial and industrial nonhazardous wastes, sewage sludges and certain clinical
wastes. A typical design is shown below (Figure 8)
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Figure 8: Grate with heat recovery

Figure 9 displays the typical reciprocating grate in detail (Design by Martin GmbH)
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Not only grates are in operation but also other technologies such as rotary kilns, fluid
beds and pyrolysis. Figure 10 gives an overview of the applied incineration
technologies:
Figure 10: Summary of the current successful application of thermal treatment
techniques to the main waste types at dedicated installations

The incineration grate accomplishes the following functions:
• transport of materials to be incinerated through the furnace
• stoking and loosening of the materials to be incinerated
• positioning of the main incineration zone in the incineration chamber,
possibly in combination with furnace performance control measures.
A target of the incineration grate is a good distribution of the incineration air into the
furnace, according to combustion requirements. A primary air blower forces
incineration air through small grate layer openings into the fuel layer. More air is
generally added above the waste bed to complete combustion. It is common for
some fine material (sometimes called riddlings or siftings) to fall through the grate.
This material is recovered in the bottom ash remover. Sometimes it is recovered
separately and may be recycled to the grate for repeated incineration or removed
directly for disposal. When the sifting is recirculated in the hopper, care should be
taken not to ignite the waste in the hopper. Normally, the residence time of the
wastes on the grates is not more than 60 minutes.
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In general, one can differentiate between continuous (roller and chain grates) and
discontinuous feeder principles (push grates).
Many modern facilities (for municipal wastes) use reciprocating grates. The quality of
burnout achieved is generally good. This design consists of sections that span the
width of the furnace but are stacked above each other. Alternate grate sections slide
back and forth, while the adjacent sections remain fixed. Waste tumbles off the fixed
portion and is agitated and mixed as it moves along the grate. Numerous variations
of this type of grate exist, some with alternating fixed and moving sections, others
with combinations of several moving sections to each fixed section. In the latter case,
the sections can either move together or at different times in the cycle.
4.2 The Flue Gas Cleaning System
Flue-gas treatment systems are constructed from a combination of individual process
units that together provide an overall treatment system for the flue-gases. A
description of the individual process units, organised according to the substances
upon which they have their primary effect, is given in this chapter.
Figure 11 below gives a summary of the application of some systems in the municipal
waste incineration sector. The balance of applied systems is different with different
waste streams. A description of each of the techniques listed in the table is given
later in this section.
Figure 11: Summary of the main applied FGT systems for MSWIs in Europe in
2000/2001
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Figure 10: Incineration plant with a Dry FGT (MWI Arnoldstein, Austria)

The FGT in figure 10 consists of a spray adsorber for the treatment of all acid gas
components, followed by a fabric filter for the collection and separation of all reaction
products of the spray adsorber and the dust. Then the flue gas enters the fixed bed
filter containing activated carbon for the adsorption of heavy metals and dioxins. Last
step in this FGT is represented by the SCR stage minimizing the NOx emission to the
required level.
Figure 11: Incineration plant with a Dry FGT (MWI Würzburg, Germany)
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The individual components of a FGT system are combined to provide an effective
overall system for the treatment of the pollutants that are found in the flue-gases.
There are many individual components and designs, and they may be combined in
many ways. The diagram below shows an example of the options and their possible
combination. It can be seen that in this assessment there are a total of 408 different
combined systems:
Figure 12:

Overview of potential combinations of FGT systems

4.3 Fabric Filter in FGT
Fabric filters, also called bag filters, are very widely used in waste incineration plants.
Filtration efficiencies are very high across a wide range of particle sizes. At particle
sizes below 0.1 microns, efficiencies are reduced, but the fraction of these that exist
in the flue-gas flow from waste incineration plants is relatively low. Low dust
emissions are achieved with this technology. It can also be used following an ESP
and wet scrubbers. Compatibility of the filter medium with the characteristics of the
flue-gas and the dust, and the process temperature of the filter are important for
© Texocon 2008

BWF Conference Wuxi, China

15

Waste Incineration in Europe

Texocon

effective performance. The filter medium should have suitable properties for thermal,
physical and chemical resistance (e.g. hydrolysis, acid, alkali, oxidation). The gas
flowrate determines the appropriate filtering surface i.e. filtering velocity. Mechanical
and thermal stress on the filter material determines service life, energy and
maintenance requirements. In continuous operation, there is gradual loss of pressure
across the filtering media due to the deposit of particles. When dry sorption systems
are used, the formation of a cake on the media helps to provide the acid removal. In
general, the differential pressure across the filter is used to monitor the need of
cleaning. Periodic replacement is required when the residual lifetime is achieved or in
the case of irreversible damage (e.g. an increasing loss of pressure may be caused
by irreversible deposit of fine dust in the filter material). Several parameters help to
control the lifetime of the bags: pressure drop drift, visual, microscopic analysis, etc.
Potential leaks in the bag filter will also be detected by the increased emissions or by
some process disturbance.
Figure 13: An example of a Fabric Filter
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As shown in figure 12 a fabric filter can be positioned in various FGT configurations:

•

Downstream the boiler as the first FGT stage

•

In combination with a spray adsorber/spray dryer

•

End-of-pipe (police filter)

4.3.1 Fabric Filter installed downstream the boiler
Over the last 20 years fabric filters continued to substitute ESPs as the first FGT
stage. ESPs were not sufficient enough to meet the requirements concerning a low
particle emission in the flue gas. Also ESPs have been identified as being a dioxin
and furan breeder.
Figure 14: FGT with Fabric Filter downstream the boiler

With temperatures in the range of 170° C up to 240° C the number of potential fiber
qualities is quite limited. Usually 100 % PTFE filter bags or blends with a mixture of
80/20 % PTFE/PI are the materials of choice. Trials with PPS or Fiberglas have
greatly failed as the amount of acids such as HCl, SO2/SO3, HF and HBr are too high
in combination with these temperatures. Figure 15 displays a FGT configuration
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operating 2 fabric filters. FF 1 installed directly downstream the boiler and FF2 as an
EoP-Filter.
Figure 15: FGT with 2 FF

4.3.2 Fabric Filters in Dry or Semi-Dry Absorptions Systems
In dry sorption processes the absorption agent (usually lime or sodium bicarbonate)
is fed into the reactor as a dry powder. The dose rate of reagent may depend on the
temperature as well as on reagent type. With lime this ratio is typically two or three
times the stoichiometric amount of the substance to be deposited, with sodium
bicarbonate the ratio is lower. This is required to ensure emission limits are complied
with over a range of inlet concentrations. The reaction products generated are solid
and need to be deposited from the flue-gas as dust in a subsequent stage, normally
a bag filter.
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The overdose of lime (or other reagent) leads to a corresponding increase in the
amount of residues, unless reagent recirculation is carried out, when the un-reacted
fraction can be recirculated and the stoichiometric ratio reduced accordingly.
If there is no pre-deposition stage (e.g. electrostatic precipitator), particles are
removed with the used reagent and reaction products. The cake of reagent that forms
on fabric filters gives effective contact between flue-gas and absorbent.
Figure 16: Schematic diagram of a dry FGT system with reagent injection to the FG
pipe and downstream bag filtration

Semi-Wet processes are also called semi-dry processes. In the spray absorption, the
absorption agent is injected either as suspension or solution into the hot flue-gas flow
in a spray reactor (see Figure 17). This type of process utilises the heat of the fluegas for the evaporation of the solvent (water). The reaction products generated are
solid and need to be deposited from the flue-gas as dust in a subsequent stage e.g.
bag filter. These processes typically require overdoses of the sorption agent of 1.5 to
2.5.
A system which falls between the normal dry and semi-wet systems is also applied.
This is sometimes known as a flash-dry system. (Alstom 2003) These systems re© Texocon 2008
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inject into the inlet flue-gas a proportion of the solids collected on a bag filter. Water
is added at a controlled rate to the collected fly ash and reagent to ensure that it
remains free flowing and not prone to stickiness or scaling. No contact tower or slurry
handling is required (cf. semi-wet systems) and no effluents are produced (cf. wet
systems). The recycling of reagent reduces demand for reagent and the amount of
solid residue produced. Stoichiometric ratios in the range of 1.5 to 2 are common.
Recycling of reagent can also be applied to dry and semi-wet systems.
Figure 17: Operating principle of a spray absorber

The number of potential filter media to be installed into these type of systems is quite
larger compared to fabric filters downstream the boiler. Acid gases have already
reacted with the adsorbing agent und thus could not harm the fiber. The operating
temperature varies from 135 °C up to 210° C depending of the type adsorbing agent.
The temperature in this type of systems can go up to 240° C in case the spray
system has a shut-down (change of nozzle or spray disc). Typical filter media are
PPS, PI, Fiberglas, PTFE/Fiberglas blend, PTFE, and PTFE/PI blend. All of them are
offering different life times.
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4.3.3 End-of-Pipefilter
End-of-Pipe filters are also called “Police-Filter” as it is usually the last stage of the
FGT just followed by the stack. The function of such a filter is to collect particles and
molecules which have not been captured in the upfront FGT. Normally all legislations
are met upfront the police filter and the filter is just there because the local
government has insisted on it.
Figure 18: End-of-Pipe installation (MWI Bremerhaven)

As the temperatures an EoP-Filter is designed for are comparably low (app. 110° C)
the decision about the quality of the filter media is economically driven in the first
place. Materials of choice are PAN, PPS, and Fiberglas.
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Design Requirements for a Fabric Filter in the FGT

A fabric filter unit consists of one or more isolated compartments containing rows of
fabric bags in the form of round, flat, or shaped tubes, or pleated cartridges. Particleladen gas passes up (usually) along the surface of the bags then radially through the
fabric. Particles are retained on the upstream face of the bags, and the cleaned gas
stream is vented to the atmosphere. The filter is operated cyclically, alternating
between relatively long periods of filtering and short periods of cleaning. During
cleaning, dust that has accumulated on the bags is removed from the fabric surface
and deposited in a hopper for subsequent disposal.
Fabric filters collect particles with sizes ranging from submicron to several hundred
microns in diameter at efficiencies generally in excess of 99 or 99.9 percent. The
layer of dust, or dust cake, collected on the fabric is primarily responsible for such
high efficiency. The cake is a barrier with tortuous pores that trap particles as they
travel through the cake. Gas temperatures up to about 260 °C, with surges to about
290° C can be accommodated routinely in some configurations. Most of the energy
used to operate the system appears as pressure drop across the bags and
associated hardware and ducting. Typical values of system pressure drop range from
about 120 to 260 mm of water. Fabric filters are used where high-efficiency particle
collection is required. Limitations are imposed by gas characteristics (temperature
and corrosivity) and particle characteristics (primarily stickiness) that affect the fabric
or its operation and that cannot be economically accommodated.
Important process variables include particle characteristics, gas characteristics, and
fabric properties. The most important design parameter is the air- or gas-to-cloth ratio
(the amount of gas in m³/min that penetrates one m² of fabric) and the usual
operating parameter of interest is pressure drop across the filter system. The major
operating feature of fabric filters that distinguishes them from other gas filters is the
ability to renew the filtering surface periodically by cleaning [6].
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Figure 19: Drawing of a Fabric Filter
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The size of the fabric filter is predominantly determined by the air flow and the
resulting air to cloth ratio. Design rules for a FF in a FGT are as follows:

•

FF downstream the boiler: a/c ratio should not exceed 0,9 m³/m²/min.

•

FF downstream spray adsorber: < 1,0 m³/m²/min

•

End-of-Pipe Filter: < 1,1 m³/m²/min

The capacity of the screw conveyer should consider the primarily function of the
fabric filter, the position within the FGT and needless to say the amount of dust being
collected in the fabric filter. A FF downstream the boiler collects all the boiler ash and
some additive which might be injected or sprayed into the raw gas ductwork. The
boiler ash or fly ash is in the range of 2 to 5 g/m³, some older boilers may see higher
values. In an FGT with a spray absorber the total amount of calcium hydroxide or
sodium bicarbonate which can be as high as 100 g/m³. An End-of-Pipe filter usually
sees significantly lower dust loads. If there is no additive injected the dust load should
not exceed a few hundred mg/m³.
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The cleaning system keeps the fabric filter within the range of designed pressure loss
as the filter bags are cleaned frequently either by programmed or time controlled
cleaning cycles utilizing compressed air. The cleaning system can also be controlled
by the measured pressure drop of the fabric filter [7].
Figure 20: The 3 operating phases of a filter bag

In Filtration

Cleaning pulse,
Runs as supersonic wave
through the filter bag

app. ~0,2 Sek.
Later filter bag
in filtration

Shaker filter or reverse-air filter are rarely found in FGT. An advantage of pulse-jet
cleaning compared to shaker or reverse-air baghouses is the reduction in baghouse
size (and capital cost) allowed by using less fabric because of higher gas-to-cloth
ratios and, in some cases, by not having to build an extra compartment for off-line
cleaning. However, the higher gas-to-cloth ratios cause higher pressure drops that
increase operating costs. This form of cleaning uses compressed air to force a burst
of air down through the bag and expand it violently. As with shaker baghouses, the
fabric reaches its extension limit and the dust separates from the bag. Air escaping
through the bag carries the separated dust away from the fabric surface. In pulse
jets, however, filtering gas flows are opposite in direction when compared with shaker
or reverse-air baghouses (i.e., outside-in).
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Figure 21: Fabric Filter in a FGT

Figure 23:
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Figure 22: Penthouse of FF

Compressed air tank and pulse-jet valves
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Filter Media selection for FGT

As the fabric filter has to meet multifunctional requirements with respect to
temperature, to the “chemistry” of the flue gas and the dust load a thorough and
comprehensive selection of the appropriate filter media is essentially important. Also
economical aspects resulting of the life time of the filter media and the initial costs
must influence the decision.
The type of filter material used in bag houses depends on the specific application and
the associated chemical composition of the gas, operating temperature, dust loading,
and the physical and chemical characteristics of the particulate. Selection of a
specific material, weave, finish, or weight is based primarily on past experience. For
woven fabrics, the type of yarn (filament, spun, or staple), the yarn diameter, and
twist are also factors in the selection of suitable fabrics for a specific application.
Some applications are difficult, i.e., they have small or smooth particles that readily
penetrate the cake and fabric, or have particles that adhere strongly to the fabric and
are difficult to remove, or have some other characteristic that degrades particle
collection or cleaning. For some of these applications a polytetrafluoroethylene
(PTFE) membrane laminated to a fabric backing (felt or woven) may be used.
Backing materials are chosen to be compatible with the application for which they are
used [8].
Needlepunched felts are typically used for pulse-jet baghouses. These heavier
fabrics are more durable than wovens when subjected to cleaning pulses. Woven
fiberglass bags are an exception for high-temperature application, where they
compete successfully, on a cost basis, against felted glass and other high
temperature felts.
The type of material limits the maximum operating gas temperature for the baghouse.
Fiberglas has the most (about 260° C). As the flue gas contains relatively high
amounts of humidity and SO2/SO3, its temperature must be well above the dew point
because liquid particles will usually plug the fabric pores within minutes or hours.
However, the temperature must be below the maximum limit of the fabric in the bags.
The following matrix displays different types of fibers and their usage in the various
positions of fabric filter in a FGT.
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Figure 24:

Filter Media Matrix

Filter Media

End-of-Pipe

Spray
Adsorber

Downstream
Boiler

PAN
PES
PP
Aramide
PPS
PI
PTFE/PI
PTFE
Fiber Glas
Glas/PTFE

Figure 25: Filter Media in German MWI

Filter Media in German MWI
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Almost 3 quarters of all German MWI are equipped with PTFE-based filter media
either 100 % PTFE or blends of PTFE/PI in the range of app 80/20 %. In Europe the
market share of PTFE filter media is slightly lower, app. 60 % of all MWI have PTFE
or PTFE/PI bags in operation followed by PPS filter media. Other polymers like PAN
or Aramides are rarely used. Fibre Glass and blends of Fibre Glass and PTFE play a
minor role in this industry with a market share of less then 10 %.
Filter media with PTFE-Membrane as opposed to filter media with surface finishings
or micro fibres have lost their market share over the last 6 to 8 years. While in the
90s of the last century PTFE-membrane finished filter media had a market share of
almost 40 % in Europe this dropped down to app. 25 %. The main reason for this
development is to be seen in the improved quality and efficiency of non-membrane
filter media which today are offering the same performance compared to membrane
bags but at significantly lower initial costs. Life cycle costs very often do not justify the
usage of PTFE-membrane media [9].
The European legislation for the dust emission of a MWI is commonly determined at
10 mg/m³, in some countries it is even lower than this. Today, all filter media
designed for the application in FGT undercut this value by far, nevertheless they are
utilizing a membrane technology or a micro fibre technology or other surface finishing
technologies.
For the over all performance of the bag house a thorough and comprehensive
selection process of the appropriate filter media is key. First of all the technical
(thermal, chemical and mechanical) requirements must be fulfilled before the
economic evaluation takes place. A wrongly chosen filter media will never ever get to
an economically acceptable level as it will fail before it has paid off. Buying cheap is
very often the most expensive solution.
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Male functions and failures in Bag Houses

As the bag house in FGT in many cases represents the main stage for the reduction
of flue gases and particulate emissions the dimensioning of the bag house is critical.
The air-to-cloth-ratio as well as the size of the conveying system are beside the
pulse-jet-cleaning system the areas of focus. If the a/c ration is too high the bag
house will operate at a higher ∆P level with consequences to the energy
consumption of the fan and the life time of the filter bags. Bag houses in combination
with the injection of calcium hydroxide or other additives needs to cope with large
amounts of dust. This not only means the filtering process but also the discharge of
the dust and the reaction products. A very common failure is the improper discharge
caused by leakages in the hopper or in the sluice of the discharging system [10].
Figure 26:

Clogged hopper and discharge system

Clogging of the hopper
caused by leakage in the
cellular wheel sluice

False air through
leaky sluice

A bag house system that needs to handle additives containing carbon-based
components such as activated carbon or lignite coke requires special attention as in
case of an improper discharge of the carbon containing dust a hot spot or even a fire
might occur which can lead to total breakdown of the entire FGT [11].
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Figure 27: Smouldering fire or Hot Spot inside of a Bag House
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Any bag house should be equipped with sufficient level indicators in the hoppers and
in particular every bag house filtering carbon additives. Figure 28 displays a filter bag
that has been thermally destroyed by smouldering fire on its surface.
Figure 28: Damaged Filter Bag
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The pulse-jet cleaning system is in charge of the “well-being” of the filter bags as
every cleaning pulse renews the condition of the bag in terms of permeability. But the
cleaning system itself can sometimes generate problems due to inefficient cleaning
as shown is figure 27.
Figure 27:

Inefficient Pulse-Jet Cleaning
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the top of the filter bag
caused by
aerodynamic cleaning
inefficiency
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Inflation as of
here

Also the cleaning pressure, the blow-pipe, the size of the blow-pipe wholes, the
quality of the pressure valves are of vital importance for the overall performance of
the pulse-jet cleaning system. For a bag house applies a very simple rule: What goes
in must come out. And this is the main task of the cleaning system and the
discharging system.
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Summary

Europe currently treats 50 million tonnes of wastes at waste-to-energy plants each
year, generating an amount of energy that can supply electricity for 27 million people
or heat for 13 million people. Also, Waste-to-energy has the potential to have a
significant impact on carbon dioxide (CO2) emissions by supplying energy that would
otherwise be supplied by conventional power plants using fossil fuels. Each year in
Europe, 7778 million cubic metres of natural gas or 7428 million litres of oil are
substituted by treating 50 million tonnes of waste in WTE plants. At this level, some
27 million MWh of electricity or 63 million MWh of heat can be generated, supplying
27 million inhabitants with electricity or 13 million inhabitants with heat. This is
equivalent to supplying the entire population of the Netherlands, Denmark and
Finland with electricity, or nearly the entire population of Austria, Ireland and Estonia
with heat throughout the year [12].
On a European level, the Waste Incineration Directive 2000/76/EC introduced strict
emission limit values – much more stringent than for any other industrial activity. The
Directive covers both waste incineration plants and industrial plants that co-incinerate
waste, but with exceptions for co-incinerators with respect to dust and nitrogen oxide
(NOx) emissions.
In September 2005, a report by the German Environment Ministry (BMU) stated:
‘...because of stringent regulations waste incineration plants are no longer significant
in terms of emissions of dioxins, dust and heavy metals. And this still applies even
though waste incineration capacity has almost doubled since 1985.’ ‘Total dioxin
emissions from all 66 waste incineration plants in Germany has dropped to approx.
one thousandth as a consequence of the installation of filter units stipulated by
statutory law: from 400 grams to less than 0.5 grams’.
The European MWI meet the stringent emission legislations by applying the Best
Available Technology for the combustion part as well as for the flue gas cleaning
system. Bag houses today play an important role as the key-component in many
FGT. However, there is trend in Europe towards cost efficient but highly effective
FGT containing a dry or semi-dry adsorption process with a bag house as the “heart”
of the FGT. Wet scrubbers are more and more demolished and replaced by bag
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houses as the operating costs and the handling of residues is significantly cheaper
and easier.
The bag house as the heart of the FGT is no longer just a de-dusting device. It has
turned into the key-technology as being a multifunctional filter stage responsible for
the reduction of

•

Dust

•

HCl

•

SO2

•

HF

•

Dioxins and Furans

•

Mercury and other heavy metals

In combination with an SNCR-System for the reduction of NOx it represents the most
cost effective and sufficient FGT. Nevertheless the design of the bag house and even
more importantly the selection of the appropriate filter media is key for the
performance. As long as the following key factors are considered a well performing
FGT is the result:

•

Dimension of the bag house must consider the designed air flow

•

The air-to-cloth ratio must be chosen according to the position of the bag
house within the FGT

•

Operating temperature of both the bag house and the filter media

•

Operation clearly above the water dew point and acid due point (20° K)

•

In case of shut-downs appropriate heating of the hoppers and discharging
system

•

Avoiding shut downs and discontinued operation

•

Level detectors in the hopper

•

Perfect selection of the filter media (considering temperature, chemistry and
mechanical stress)

•

Perfect design of the filter cage

•

Appropriate pulse-jet cleaning system

•

Frequent maintenance and checks of the entire bag house system
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•

Considering the best available technology in stead of the cheapest solution

•

Continuous monitoring of air flow, pressure drop, cleaning cycles, temperature
and dust emission is the least to do

•

Monitoring the residues of spray adsorption systems (calcium chloride,
humidity) and the amount of freshly injected adsorbents with respect to
residue (What goes in must come out)

There are a lot more details which need to be considered. If the above mentioned
recommendations are adopted the performance of the bag house and the installed
filter media will never be an issue as all technical and economical requirements will
be easily met. One should not forget that a bag house as the heart of the FGT
represents an extremely complex system with high level of diversity which demands
constant attention by the operational stuff. The education and training of the
operational stuff and a good understanding of the processes taken place inside an
FGT helps to reduce cost and to limit the number over unplanned shut downs to a
minimum.
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