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Summary
The allowable limits on emissions from plants for thermally
converting, treating and detoxifying residual waste are being
continually tightened in order to raise their public acceptance
by reducing possible environmental pollution. Usually this is
made technically possible through the use of continually
improved incineration and stack gas cleaning techniques, but in
part only at high capital and operating costs.
Crude gas and residual wastes pollution
The combustion temperatures prescribed for plants for the
thermal treatment of residual waste (>850° C) cause mineralization of the organic substances along with thermal conversion of
those harmful substances, heavy metals and their compounds that
vaporize at this temperature level. At the same time dust particles, whose large surface areas serve as carriers for heavy
metals and other pollutants, are drawn into the crude gas by the
firing with its large air input and the turbulence and partial
vacuum in the incinerator.
Fig. 1: Waste incineration and residue products
- Bamberg wet process Fig. 1 shows the material cycle for the thermal conversion of
residual waste. Oxidation of the organic constituents results in

the formation of pollutant-laden stack gases and residues,
useful waste heat and slag with low levels of pollutants. The
main pollutants and heavy metals in residual waste are shown in
Table 1.
Table 1: Comparison of the levels of various substances in the
waste from different plants and their variability
The distribution of pollutants between the slag and the crude
gas as shown in Table 2 was measured by means of large numbers
of studies and material balance determinations conducted on the
Bamberg energy recovery incineration plant. These results are
typical for the results obtained at other plants.
Table 2: Distribution of critical heavy metals between
slag and crude gas, including their leaching
behaviour at pH 7 and pH 4
Table 2 shows that as a result of incineration mercury, cadmium,
chlorine, selenium and arsenic chiefly enter the volatile phase.
The percentage of sulphur, lead, zinc and fluorine in the crude
gas are substantially lower, in the range of 30% to 50%; copper,
chromium and nickel are found mostly as non-volatile ingredients
of the slag.
Organic pollutants in crude gas
A large number of studies confirm the incomplete destruction of
organic pollutants and/or their release in nearly all pyrolytic
processes, though usually only at the trace level.
Organic pollutants such as halogenated hydrocarbons or chlorinated aromatics are as a rule thermally destfoyed. If temperatures are maintained at >850°C and cold regions in the flow are
avoided in the incinerator, it is possible to almost completely
prevent the formation of organic pollutants through incineration. These conditions are assured in a faultlessly functioning
incinerator with optimized firing and control, as indicated by
low CO and Corg emissions.

Properly functioning combustion is usually associated with low
dust formation and a reduction of the organic content in the
dust, which can have an inhibiting effect on the reformation of
dioxin
Consequently the emission prevention and emission reduction
aspects of incineration technology are the primary measures in
waste incineration and they must be monitored and optimized,
where necessary through the application of modern techniques
such as computer control, before secondary measures are
employed.
Stack gas cleaning as a secondary measure
In the cleaning of stack gas, particulate matter, gaseous pollutants and heavy metals are removed to varying degrees by dust
extraction and stack gas cooling, the latter sometimes combined
with the use of chemical additives. In addition to the dust, the
vaporized pollutants pass through the boiler and leave it in
small quantities with the slag. Energy recovery in the steam
boiler leads to the cooling of the crude gas to 200 0 -250° C, in
conjunction with "de novo synthesis", including the formation of
PCDF and PCDD. The constituents that volatilize at higher temperatures and the newly formed organic pollutants condense out
during this cooling phase, including 85% of the cadmium, 75% of
the arsenic, 30% of the lead, 25% of the zinc and 15% of the
chlorine. The surfaces of the dust particles or the additives
serve as carriers of reaction products or condensates; the pollutants chlorine, sulphur and fluorine are the reactants and the
substance serving as a sorbent is primarily lime. A not insignificant influence on the removal of dioxin and heavy metals can
be attributed to the catalytic action of residual carbons in the
dust. Simultaneously this is counteracted by the increased formation of dioxin by the presence of residual carbons. The concentrations of organic carbons in the dust may lie in the range
of 1% - 5%, depending on the operating conditions of waste incineration. These substances are mainly in the form of soot and
other products of incomplete combustion.

At present some companies are trying to specifically deal with
heavy metals, especially mercury, before the dust extraction
step through the addition of certain chemicals (eg TMT 15) and
remove them together with the dust. Then acid pollutants low in
dust and heavy metals would be all that subsequently need to be
removed as reusable residual products. Since in addition to
chlorinated and brominated organic compounds especially heavy
metals also condense on the surface of the dust particles,
thorough dust extraction effects a decisive minimization of the
emission of organic pollutants and heavy metals.
All condensed pollutants can be largely removed if proven dust
extraction installations are used, such as multistage electrostatic filters, fabric filters, electrodynamic venturi scrubbers
or wet electrostatic filters, which achieve a residual dust
level of <5 mg/m 3 STP.
In order to hold back the inorganic, acid pollutants such as
HC1, SO2 and HF one uses either chemical reaction products like
quicklime (CaO), calcium hydrate (Ca(OH)2) and caustic soda
(NaOH) or suitable scrubbing media such as water. Calcium
carbonate (CaCO3) is also used in addition to the above-named
products for desulphurization in power stations.
Ammonia (NH3), to an increasing extent also ammonium hydroxide
(NH4OH) and also, experimentally, liquid manure from animal
fattening farmsare among the substances being used to minimize
NOx.
When only fabric filters are used for dust extraction without
any other subsequent stack gas cleaning process being employed,
those portions of the heavy metals remain in the stack gas which
do not condense at the usual filter temperatures of 200° C, in
some cases today 140° C, and which are also not separated out by
chemical additives (and active carbon) or the precoat effect for
fabric filters.

Fig. 2: Distribution of mercury load as a function of
temperature and the stack gas cleaning process
As a rule highly effiient dust extraction installations with
temperatures reduced to not less than 140° C are not adequate to
meet future requirements regarding the maximum emission levels
of inorganic pollutants such as HC1, SO2, HF, in part NOx and
the heavy metals mercury and selenium. Meeting these requirements necessitates the use of added facilities employing for
example dry, quasi-dry or wet processes, which may precede dust
extraction but preferably follow it.
Stack gas cleaning technology today and tomorrow
The state of the art of stack gas cleaning technology for
meeting the relevant requirements and expected developments and
future requirements permit the following to be stated:
- the future limits on emission levels pursuant to the 17th
Implementing Ordinance of the German Federal Law on the Prevention of Immissions can be met for energy extraction waste
incineration plants with extended and improved stack gas
treatment techniques.
The residual emission levels that are achievable today with
conventional 3-stage wet scrubbers with preliminary dust extraction in c6mparison with a modern, improved quasi-dry or conditioned dry processes have similarly good values for HF and dust
and also for heavy metals in particle form.
The separation of HCI and SO2 by means of the quasi-dry and conditioned dry processes often leads to residual emissions that
possibly exceed the permissible clean gas limit values despite a
stoichiometric factor of 1.8 to 3.5. The emission values for
mercury vapour extending in part to above 0.2 mg/m 3 STP are no
exception, but they can be greatly reduced by the use of additives such as active carbon. In regard to the question of which
multifunctional stack gas cleaning technique (with a number of

simultaneous stack gas cleaning processes) should be the objective of development efforts, it appears that the multistage
stack gas wet scrubber, which is currently being used in more
than 50% of German residual waste incinerators, will also represent the standard process technology in the future.
In addition to the efficiency (measured in terms of residual
emission) other criteria that should be considered for the
evaluation of modern stack gas cleaning processes are especially
for example the type and amount of residues, the possibilities
of residue treatment (internal or external concentration by
evaporation), material requirements such as lime/caustic soda
solution, service and maintenance costs, personnel and energy
requirements, operating costs, capital costs, availability,
service life, space requirements and the like. The residues from
dry and quasi-dry processes do not consist only of dusts and
reaction products (such as lime), but also contain especially
problematical salts such as chlorides and sulphates. The amount
of residues is 50 to 100% higher than that produced by the wet
process. The residues exhibit much higher leachability and are
scarcely reuseable or upgradable. They must be disposed of at
suitable dumps (special dumps) above ground or underground,
depending on the conditions imposed by the German land responsible.
Fig. 3: Stack gas cleaning processes for reclaiming
bUilding materials, hydrochloric acid and
sulphuric acid
The residues of multistage wet scrubbers can be collected
separately, see Fig 3, and can often be produced as reusable
materials in the form of salts, sulphuric and hydrochloric acid
or as building materials for mining and tunnel construction
work. They are capable of being processed by simple, practicle
methods of treatment. The combination of different prescribed
processing techniques reflects future developments.

The combination of wet and quasi-dry processes such as passage
through spray absorbers, fabric filters and downstream wet
scrubbers with recirculation of the scrubbing water in the spray
absorber, can be considered a substantial improvement for old
plants.
Similarly a wet process can be redesigned to become a wastewater-free stack gas cleaning process through the installation
upstream of a spray absorber. This combination can be disadvantageous because of its production of mixed residual products. It is possible to improve dust extraction by, for example,
using large-dimension electrostatic filters with multistage
fabric filters, with wet electrostatic filters or with a downstream condensation stage or an active carbon fixed bed filter
as a control filter.
A substantial reduction of residual heavy metal emission, in
conjunction with additional energy recovery, can be achieved
through a reduction in the stack gas temperature to bring about
further stack gas condensation. Today good NOx reduction
efficiency can already be anticipated through the use of, in
addition to primary processes, the controlled SNCR process, the
SCR process or the use of active carbon with additives like
ammonia, ammonia water, urea, methanol and also natural liquid
manure. For this the low-cost SNCR technique, which is easy to
install and operate, will be frequently used.
Observance of Dioxin limits
In order to meet future requirements on maximum dioxin levels of
0.1 ng TE/m'it will be necessary to improve and also expand
process technologies extending from the primary end, ie incineration, on down to the mask filter at the end of the cleaning
process at the stack. As a rule the firing process can be
optimized by minor reconstruction measures so that dioxin TE
emissions in the hot crude gas are hardly of any significance.
Dust extraction in the hot gas region could be used in the
boiler, but it is not yet considered as state of the art for
residual waste incineration.

It should also be possible to achieve improved cleaning of the
boiler without any major reconstruction measures in order to
limit the reformation of dioxin in this area.
Another alternative is presented by stack gas quenching. In this
process the temperature range is run down from about 350 0 to
<200° C in the shortest possible time. Practical implementation
depends very much on the design of the boiler and on the planned
installations which enable shock quenching above about 350° C by
means of the spray injection of, for example, water. In this
process the gas temperature already attains or passes through
the "de navo synthesis" temperature, so limited formation of
dioxin/furan is still to be expected.
The process technologies that seem to hold the most promise for
the future are the use of active carbon in both the fixed bed and
processes and catalytic oxidation in combination
drifting stream
with NOx minimization for maintaining dioxin TE levels within
permissible limits.
Outlook
As a result of this exploratory consideration it can be stated
that the current state of the art of techniques of cleaning
stack gas from residual waste incineration plants can be further
developed by means of proven and in some cases expensive treatment processes. In this way the point will be reached where the
anticipated extremely low future emission limits can be met at a
fairly reasonable cost. Simpler processes can be used with new
plants since it is not necessary to take existing plant parts
and process techniques into account as is the case with old
plants.
Stack gas cleaning processes with control and mask filters at
the stack will complement future stack gas cleaning techniques.

Emperical results g/Mg waste
Limits of
variation

Element
UBA 1990

Deutsche
Babcock

Brunner
avg. values

EAWAG 1982
Bamberg
g/Mg waste

Chlorine
Fluorine
Sulphur
Zinc
Cadmium
Lead
Copper
Chromium
Mercury
Nickel
Arsenic

(Cl)
(F)
(S)
(Zn)

(Cd)
(Pb)
(Cu)
(Cr)
(Hg)

(Ni)
(As)

3000-8000
10-50
650-5000
2-50
0.3-14
-

7000
200
5000
1000
10
800
400
4
-

6900
140
2700
2000
8.7
430
200
(0.8)
-

Table 1: Comparison of the levels of various substances in the waste
from different plants and their variability

7000
...
5000
1200-2000
3-15
500-1200
240-600
5
-

7500
100
1900
11
450
500
250
4
80
4

6900-8000
100-200
2700-5000
1000-2000
(2)-15
430-1200
200-600
(250)
4-5
(80)
(4)

Percentage distrib.
Element

Amount
g/Mg waste

Slag
%

Hg
Cd
ClAs

4
10
7500
4

5
10
15
25

F.Pb
Zn
Cu

100
500
1900
500

62
67
73
93

Ni
Cr

85
250

93
94

Crude gas
%
95
90
85
75
38
33
27
7
7
6

Leaching behaviour
after DEV-S4
pH 7

pH 4

low
medium
high
not detectable
medium
low
low
low
low
low

low
high
high
not detectable
medium
low
high
medium
high
low

Table 2: Distribution of critical heavy metals between slag and
crude gas, including their leaching behaviour at pH 7
and pH 4
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