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Since the first Waste Avoidance and Management Act of 1986, in Germany waste management has been systematically transformed into a mediator between disposal and supply
in the area of raw material and energy. This position is favoured by the compulsion for a
safe – that is hygienic, environment- and climate-friendly – handling of waste, on the one
hand and by the potential resources that waste contains on the other hand.
Numerous waste management companies, which were active only or mainly in the field of
thermal and energetic waste treatment, run also sorting, composting, biogas, wind power,
biomass and solar plants. While some energy suppliers took up the energetic waste treatment
and recycling in addition to their traditional tasks.
The priorities of the European Framework Directive of Waste of 22.11.2008 are: prevention,
preparation for re-use, recycling that means material recovery, other recovery for example
energy recovery or backfilling, as well as disposal. Reasonable departures from this hierarchy are possible.
The prevention of waste takes place in the forefront of disposal; it is not a primary task
of waste management. However, waste management can send signals that can indicate
potentials for prevention. Legislator, economy as well as research and development can
react to those indications or take the initiative based on own information. Most impulses
come from the legislation.
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Decisions on re-use are mainly based on technical and economical parameters. Again, this
will be done before waste management companies become active. The potential for re-use
is relatively low according to the present findings.
Not until position three – recycling – in the priority list of the European Framework Directive
of Waste, waste management companies enter an area, which they can influence effectively.

1. Generated Waste and Disposal methods in Germany
The generated waste depends on various factors, e.g. on the general economic development,
on the energy prices, the labour costs and in particular on the demographic development.
While in the past the generated waste had increased almost simultaneously to the economic development, recently these two developments could be largely uncoupled. This
is partly explained by the waste prevention strategy of Germany, but also by the fact that
many emission and waste intensive activities have been moved to countries, in which the
economic standards are lower than in the European Union.
Since the beginning of this century the generated waste in the Federal Republic of Germany
remains relatively steady – from more than four hundred million tonnes in the year 2000
it reduced to 332 million tonnes in 2005 just to increase again in the year 2007 to about
387 million tonnes. In the near future the generated waste will probably continue to decrease.
Therefore, the quantitative utilisation potential of waste is not a constant factor. Nevertheless,
it can be assumed that in the next years the contribution of waste management to the energy
and resource supply will increase in absolute terms but also qualitatively, if only because
for the political and legal guidelines that will promote additional recovery technologies.
The largest part of the generated waste with nearly two hundred million tons are construction and demolition waste. The remaining main groups of waste – municipal waste,
industrial and production waste, and material of mine waste – contribute in almost equal
shares – from forty to 56 million tonnes – to the total amount.
The options for recycling vary from group to group, in particular, when it comes to highquality recycling. Construction and demolition waste suit merely as alternative building
material and backfilling material. These types of waste contain on average approximately
ten percent combustible substances, which can be disposed in waste incineration plants or
be processed to solid recovered fuel that is treated energetically. Mine waste is largely used
as backfill in mining. The most promising efforts for recycling come with the production
specific wastes from industry and production as well as with municipal waste, given that
they have been captured separately.
For municipal waste there are numerous waste treatment plants in Germany:
•

~ 1,000 sorting plants for production wastes,

•

813 composting plants for separately collected bio wastes from households, industry as
well as garden and park wastes,

•

85 fermentation plants for separately collected bio wastes from households and industry
as well as garden and park wastes,

•

61 mechanical-biological waste treatment plants,

•

1 pyrolysis plant

•

30 solid recovered fuel power plants in operation, further 6 plants under construction
(state November 2009)
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•

346 landfills until 1st June 2005, before the Ordinance on Environmentally Compatible
Storage of Waste from Human Settlements and on Biological Waste-Treatment Facilities
came into effect,

•

196 landfills of class II since 2006, which are approved exclusively for pre-treated wastes.

2. Recycling
The release of The limits to Growth (Grenzen des Wachstums) of Donella and Dennis Meadows from 1972 was the starting point for intensified recycling efforts. The recognition of
the fact that industrialised countries would, have to reduce their recovery of raw material
reserves, caused a wide public discussion. As a result it was understood that there is a need
for change. The identified solutions to this problem were resource efficiency, protection
of deposits for primary raw material in other countries, and recycling – recovery of raw
material from wastes. Further, it could already be seen by then that the emerging and
developing countries aspire the same standards of quality of life and consumption as the
industrialised nations.
Recycling is no individual transaction, it comprises a process chain of individual processes
that are often complex and, depending on the materials and their composition, contain many
different steps: Supply of waste intended for recycling, collection of wastes and transport
to a first sorting plant, which will sort the materials roughly into groups, transportation
to treatment plants that are specialized in individual material groups, transportation of
the obtained material to plants that produce intermediate products from the secondary
raw materials, e.g. paper factories, plastics-granulating fabrics, metal plant for iron, steel,
nonferrous metal and glass, transportation to manufacturing operations, in which products
for private, commercial and industrial use are produced.
The varieties of supplied materials that enter the recycling processes require a refined approach. The more complex the disposed products are, the higher the sophistication of the
recycling process and the more unwanted materials are accumulated. As a consequence
new recovery and disposal treatments must be detected. The recycling processes for scrap
cars and electronic scrap are exemplary.
Further challenges for the development of new recycling processes will arise for the recycling companies due to the uncertainty related to the securing resources of strategic metals
resources and with the development of new products. Examples are electro mobility, communications technology, as well as power and heat generation from renewable energies.
Various legal norms of the European Union and the national states must be recognised for
the organisation of the recycling processes. The most important European legal norm is
the Framework Directive on Waste, as it specifies the quotas for the preparation of re-use
and recycling:
•

for paper, metals, plastics and glass at least fifty percent until 2020

•

for construction and demolition waste, including the other material utilization, at least
seventy percent until 2020.

In Germany these quotas are already met and in parts they are substantially outperformed.
Therefore, higher quotas will give additional incentives for the recycling.
Recycling of wastes by sorting has already reached a relatively high level during the last two
decades, however, in practice those high standards are not always applied.
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Although waste is recognised as deposit of resources, the high demands for recycling are
exchanged for simpler solutions:
•

Natural resources are to be saved by replacing primary raw materials with secondary
raw materials.

•

In incineration plants without recovery status the amounts of waste that are to be disposed shall be reduced. Both for the quantity of wastes and for the quality of the thereincontained materials recycling and the energetic utilization of the resources in waste are
reasonable.

•

Landfills are to be avoided due to the continuous environmental pollution.

•

The quality of secondary raw materials shall become competitive with that of primary
raw materials.

•

The continuous supply of secondary raw material must be ensured.

•

Pollutants should not be displaced in the material life cycle; they are to be safely eliminated or to be separated. Enhancements of harmful substances in the materials life
cycle are to be reduced by a product-integrated pollution control, e.g. by the choice of
material and low-emission in the production of goods as well as by a recycling-friendly
construction.

•

The complete recycling process must be environment-friendly, reliable and cost-efficient, utilization should not to be done at any price; a sustainable and economically
reasonable recycling is required. The revenues for the secondary raw material are to be
higher than the costs for the logistics and the technical processes to produce them.

After some false starts in the seventies and eighties of the twentieth century, in the subsequent years many new sorting plants have been constructed and operated, which were
able to produce marketable products. Originally, those treatment plants were equipped
with technologies of the basic industry. The results were insufficient. The recycling plants
in Herten and Vienna are exemplary. Meanwhile, numerous devices and processes have
been developed to create marketable secondary raw materials, which are tailored to the
various qualities of different wastes.
Examples for successful recycling in Germany are plastics, shredder light and shredder heavy
fractions, scrap cars, batteries and accumulators, electro and electronic devices, slag from
ironworks, high-grade steel plants and power plants, ashes from the waste incineration and
other mineral wastes like construction waste and road construction waste.
For some wastes, the recycling processes are considered still unsatisfactory, e.g. for packaging and bio wastes.
The different qualities of the wastes in the packaging lightweight fraction cause high organizational and technical effort during the recycling and, hence, high expenses that are
covered by revenues only to a small percentage. Though high proportions of the lightweight
fraction are passed on for recycling, they are not high-grade recycled, but are processed to
products of low value or utilized as solid recovered fuels for energy recovery. Due to intensive
development work in the field of sorting technology, in the medium term a change seems
to initiate, which is promising in light of increasing raw material prices.
In Germany biological wastes amount to 3.8 million tonnes from bio-waste bins and four
million tonnes of garden and park wastes. Out of it three million tonnes of compost with
quality assurance and 1.3 million tonnes of compost without quality assurance are produced.
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However, in most of the plants immission control does not represent the state of the art;
this also applies to fermentation plants, that emit methane diffusely; digestates cause methane emissions, as far as they are deployed without previous aeration. Furthermore, the
revenues for the compost do not cover the costs for logistics, treatment and distribution.

2.1. Mechanical processing as precondition for recycling
Mechanical waste processing regularly is the first procedural stage in recycling processes.
The processing of wastes with the aim to produce secondary raw materials from mixed
wastes requires the solution of numerous problems.
Mixed waste is physically und chemically heterogeneous and difficult to describe exactly;
this substantially distinguishes wastes from primary raw materials from natural deposits.
Machines and processes of the primary industry can not be adopted for waste processing
without modifications; they have to be adjusted to the specific characteristics of the wastes
that are to be processed, and to the products that are to be produced out of them. The initial
underestimation of this challenge of recycling significantly contributed to the failure of the
first generation of waste processing plants for mixed municipal wastes.
The industry makes high demands on the quality of the secondary raw materials and the
continuity of delivery regarding the quantity.
The costs of the process chain collection logistics – mechanical waste processing – transport
to further processing – logistics of the products are high; this especially applies to the energy demand and to the wear of the processing aggregates. The revenues for the produced
secondary raw materials are often too low for cost recovery. Furthermore, they vary with
the cyclical fluctuations of the market.
During the last decades some of these problems were solved. The profitability of recycling
activities could be improved as the disposal revenues cover a considerable part of the costs.
Household waste, packaging wastes, demolition and construction wastes, electrical and
electronic wastes, used batteries, end-of-life vehicles, major electrical household appliances
and in the further process flow light-weight fractions and heavy-weight fractions from
shredders are processed in different sorting plants.
Often depending on the quality of the wastes and the market situation material recycling
or energy recovery are possible – from case to case these utilization options can be possible
alternatively or consecutively. For exemplification plastics and the fibrous material from
the processing of the lightweight fractions from shredders are mentioned. The fibrous
material from the light-weight fractions from shredders can be energetically recovered
as solid recovered fuel or materially used for sewage sludge dewatering. In the latter case
the fractions are ultimately incinerated with the dewatered sewage sludge. This shows,
that often the distinction between recycling and energy recovery is blurred, especially in
recovery cascades.
Regularly mono-material plastic fractions are recycled. Mixed and contaminated plastics
only in rare cases can be recycled to products with acceptable quality – and then only with
considerable logistic, technical and financial effort. In specific cases they are used to recover
raw materials, but mostly they are used for energy recovery. In some cases waste plastics
can be used to recover raw materials – as reducing agent in the blast furnace process for the
production of raw iron and in the electric furnace for the production of calcium carbide.
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2.2. Examples for recycling
The recycling potential is vast, theoretically it comprises all materials that are marketed,
including those materials, that were deposited in landfills and dumps.
According to current estimations just the landfills in Germany contain 26 million tonnes
of iron scrap, 850,000 tonnes of copper scrap and 500,000 tonnes of aluminium scrap. In
addition, there are several hundred million tonnes of plastics and organic wastes with an
estimated recoverable energy content of about 1,500 terawatt-hours; that corresponds to
about 58 percent of the German total (primary) energy consumption for one year. However,
the landfill mining and the recovery of materials from landfills by mechanical processing
of the entire waste mass involves great effort. So far, renaturation of landfill mining had
other primarily reasons, for example when the landfill was contaminated and could not be
remediated in another way, or the landfill site was required for other, superior functions.
With the exception of a few materials, which from the beginning of history were re-used
after their life-time for the production of new objects because of their obvious value – for
example metals and valuable construction materials –, comprehensive recycling efforts
are relatively new.
Among the materials and material groups, on which the recycling efforts in the EU member
states are presently focused, the mineral wastes with nearly 75 percent form the greatest
potential. The recycled amount is considerable; but the recycling of mineral wastes only in
exceptional cases involves high-grade recycling.
Good achievements are realized with the materials paper and glass that are collected at
private households, as well as with metals, because they are valuable and, therefore, the
incentives for collection and recycling are high.
The recycling processes for the various material groups are very different and also vary in
their degrees of development.

2.3. Limits of recycling
Limits for the recycling have to be observed for different reasons:
•

The logistic effort for recycling may not be out of proportion to the benefit. In contrast
to from primary raw materials, wastes are generated locally. They have to be transported to numerous sorting plants, and the produced secondary raw materials have to be
transported to central production plants for further processing.

•

The effort has to comply with the ecological and economical benefit.

•

The spread of germs has to be prevented before and during the recycling process as well
as the contamination of the secondary raw materials with these germs.

•

Pollutants may not be circulated; pollutant sinks have to be integrated into the process
chains, these are for example waste incineration plants and landfills.

•

For the recycling differentiated processes have to be available depending on the quality
and quantity of the wastes and the requirements of the users of the recycling products.

•

Markets for the secondary raw materials have to exist or to be established; secondary
raw materials compete against primary raw materials.
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•

Legal norms have to be observed, for example the Federal Immission Control Act, the
Sewage Sludge Ordinance Act. If after a recycling process the product status is achieved
for a product, it is governed by new legal norms, for example REACH.

•

Numerous standards – for example for building materials and ashes from power plants
– and guidelines – for example VDI guidelines – have to be observed.

Recycling can be accomplished relatively easy, given that the materials have been collected
separately and are available largely as mono-materials; this applies to municipal waste
fractions like glass and paper as well as production wastes. With mixed wastes more or less
relevant logistic, procedural economic, and legal obstructions occur. Hygienic and ecological
reasons may come along, which in individual cases argue against recycling.
In some cases a total recycling may not be advisable for ecological, hygienic, logistic, technical, economic as well as legal reasons. Recycling is not ecological, if consumption of resources
and environmental impact on the process are higher than the benefit. The assessment of
the ecological benefit is difficult because of the multitude and complexity of the assessment
parameters. Therefore, methods for its determination were developed, of which life cycle
assessment (LCA) and eco efficiency analysis have proven themselves.
Primary raw materials are changed and mixed in all stages of manufacturing and conditioning, so that they can contain components, that may act as pollutants during waste
management – thus during recycling as well. These contaminations occur during the
consumption, the collection, and storage of the wastes.
Recycling is not environmentally compatible, if pollutants are circulated indefinitely and
accumulated in every recovery cycle. It is indispensable to establish pollutant sinks in the
waste treatment process. Therefore, processes can be applied that destroy the pollutants or
that segregate them as concentrates. For organic pollutants the most suitable solution is
to destroy them by thermal processes. For the segregation of inorganic pollutants, waste
incineration can also be an optimal solution, if they are contained in combustible wastes.
Most of the inorganic pollutants contained in wastes are concentrated in the secondary
wastes from flue gas treatment processes of the incineration plants and can be deposited
underground, where they are safely isolated from the biosphere. Wastes that are not combustible and not usable due to their pollutant content have to be deposited in landfills that
are permitted according to the hazardousness of the wastes. Therefore, landfills will stay
indispensable components of responsible waste management in the future.
Economic factors define the limits of recycling as well. Precondition is that a market exists
or can be established with reasonable effort.

3. Mechanical-biological waste treatment and solid recovered fuels
For comprehending the coherences of recycling and incineration a short excursion about
the mechanical-biological waste treatment and the production of solid recovered fuel
should be taken.
The mechanical-biological waste treatment is a relatively new waste treatment process, whose
designers originally intended to develop a sustainable alternative to waste incineration. They
claimed the equality of both systems. A claim that the new process principle could never
fulfil. In fact, the mechanical-biological waste treatment is not more than a pre-treatment
for the necessary incineration of the produced solid recovered fuels. These solid recovered
fuels are to be burned in the same plants as the solid recovered fuels that result from the
recycling plants as non-recyclable wastes.
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The generic term mechanical-biological waste treatment comprises four process modifications: materials separation process, mechanical-biological stabilization method with
biological or thermal drying, and mechanical-biological waste pre-treatment plant just
before the incineration plant.
The marginal values for landfill of the non-recyclable secondary wastes from the mechanicalbiological waste treatment are less strict than those for ashes from the waste incineration
plants. In particular, the secondary wastes from the biological treatment in the materials
separation process that are going to be landfilled are critical because they contain to a
large extent organic and, therefore, reactive substances. There still is a need for further
developments.
The results determined by the system of the mechanical-biological waste treatment is the
production of solid recovered fuels that due to their content of pollutants are considered
wastes for utilization and are subject to the regime of waste.

4. Waste Incineration
The primary use of waste incineration lies in the hygienisation and volume reduction of
wastes as well as in the destruction of organic and in the concentration of inorganic pollutants. That makes waste incineration an indispensable supplement of the recycling processes, also from an ecological point of view, as materials that contain substances considered
as contaminant or disruptive must be separated for the material utilization of secondary
resources. Those materials can be utilized energetically as wastes without pre-treatment in
waste incineration plants or they can be converted to solid recovered fuels. In that way the
non-recyclable materials still have some utility.
Twelve percent of the power generation in Germany is produced with alternative energy
sources, of which six percent are based on waste.
Waste incineration plants are small power plants that have a relatively cheap conversion
technology for the base load consumption. One tonne of waste yields, when burned, on
average six hundred kilowatt-hours of electricity – more than an ordinary household
consumes in two months. A two-lined waste incineration plant with a throughput of three
thousand tonnes per year can supply enough electricity and heat for a city of one hundred
thousand inhabitants.
In Germany there are 68 plants for the thermal treatment of mixed municipal waste in
operation – 67 waste incineration plants and one pyrolysis plant. Their total capacity sums
up to about 19 million tonnes per year.
Most plants are located in North Rhine-Westphalia (16 plants) and Bavaria (15 plants). The
density of plants is particularly low in the eastern and central federal states MecklenburgWestern Pomerania, Saxony, and Thuringia with only one plant per state. Brandenburg has
no waste incineration plant.
Eight waste incineration plants have been put into operation in the years 2004/2005, at the
time when the legislation introduced the prohibition of landfill for untreated municipal
solid waste.
The capacities of the individual plants vary to a great extent – from 50,000 tonnes per year
(Ludwigslust) to 70,000 tonnes per year (Lower Rhine/Oberhausen).
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The performance of the exhaust gas treatment technology has reached a high standard.
In practice most parameters are far below the limiting values of the 17th Ordinance on the
Implementation of the Federal Immission Control Act.
The data of 56 plants regarding the exhaust gas treatment are known. In three quarters of
the examined plants the selective catalytic reduction (SCR) is applied, in the remaining
plants the selective non-catalytic reduction (SNCR) is used for the denitrification process.
For the separation of sulphur oxides (SOx) and acid exhaust gas components (HCl, HF) in
most cases – about seventy percent of the examined plants – wet absorption is used. A minor
role play the semi-dry and the dry processes with approximately twenty and ten percent,
respectively. When it comes to the fine cleansing, the flow reactor adsorption dominates
over the fixed bed filtering.
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Figure 4:

Reduction in emissions of pollutants from WIPs

Data about the energy usage are known from 64 plants. In two thirds of the more than
44 examined waste incineration plants the energy is emitted with the combined heat and
power principle as electricity and heat – district heating or steam.
The possibilities to use this energy depend on the choice of location. In the past, most
waste incineration plants had been build distant from cities and industrial areas in order to
prevent conflicts. Therefore, for those plants there are no energy consumers. Consequently,
after the power generation the remaining heat is liberated over the roof. In the nineties,
however, the all-season utilization of energy received more attention. In the meantime,
the geographic vicinity to living and industrial areas, which can use the energy recovery
for district heating, remote cooling and process steam, has become a decisive factor for
the choice of site of waste incineration plants. The optimization of power utilization is a
main focus especially with regards to the summertime. The availability of remote cooling
is currently developed in Kassel and Vienna.
In 2006 in Germany more than 17 million tonnes of waste were burned and utilized for
the power generation. 4.62 million megawatt hours of electricity as well as 13.72 million
megawatt hours district heating have been decoupled.
The evaluation of the German Association of Waste-to-Energy and RDF plants, ITAD e.V.
about thermal treatment of municipal solid waste for 64 out of the 68 plants reveals:
•
•
•
•
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44 plants are producing electricity as well as heat – district heating or steam –those are
combined heat and power plants (KWK plants);
nine plants produce exclusively electricity
nine plants deliver all the steam to external users, usually these are power plants or
thermal power stations;
two plants produce only district heating.
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Waste incineration plants are small power plants with a cost-efficient conversion into
electricity for the base load.
One ton of waste delivers 600 kilowatt hours of electricity. Nineteen million tonnes municipal solid waste are combusted in Germany, with that about five million megawatt hours
of electricity and about fifteen million megawatt hours of district heating are produced.
Plants for renewable energies are apart from biomass, biogas, wind, solar and geothermal
power plants, also those power stations that are based on waste, although the latter does
not profit from the legal preference like the others, when used instead of conventional fuels.
Waste incineration and solid recovered fuel power plants are power plants on the basis of
waste and solid recovered fuel that contain large amounts of renewable energy sources.
Residual waste from households and industry can contain up to fifty percent of bio wastes.
Solid recovered fuels can contain up to seventy percent of bio wastes depending on the
input and the processing techniques.
A central question, often discussed in the environmental policy and economy is: Up to
what degree does waste contribute to a secure energy supply? Problems, which need to be
solved, are for example the technical performance, the stability of the power supply system,
the storages, the financing, and the acceptance.
Most projects of energetic waste utilization have to deal with the issue of acceptance, as
they are known from licensing procedures for traditional power plants.
Wastes can be utilized energetically in multiple ways in different plant types. Waste incineration plants that combust mainly residual waste from households and industry but also
bulky refuse and sewage sludge are the most familiar plants. In modern times, wastes are
transformed into solid recovered fuels that are burned in mono-combustion plants as well
as in power and cement factories.
In numerous wastewater treatment plants sewage sludge is stabilized anaerobic. The produced sewage gas is used mostly internally e.g. for the drying and combustion of sewage
sludge and, hence, plays a rather small role for the public power utilization.
Today, bio wastes from the separate collection are increasingly treated anaerobic – fermented
– the gained biogas is utilized energetically, before the actual aerobic treatment – composting. Different processes have been developed for the purpose of anaerobic treatment e.g.
for the utilization of biogas in combined power heat as well as for the processing of gas,
which is fed into the natural gas system. However, that contribution to the total supply of
energy remains still insignificant.
The utilization of solid recovered fuel in cement factories is a combination of energetic
and material utilization.

5. Solid recovered fuel utilization
Solid recovered fuels differ from the usual fuels due to their heterogenic constitution
regarding their components – among others chlorine of varying bindings, heavy metals,
alkali or alkaline earth compounds, water and ash content – as well as material size. The
fuel technological characteristics influence the ignition behaviour and flammability, the
tendency to slagging , the risk of corrosion, and ultimately the efficiency of the reactor, in
which they are utilized. Nowadays, the qualities required by the users are agreed contractually and controlled before the incineration process.
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Solid recovered fuels are burned in solid recovered fuel power plants, coal-fired power
plants and cement factories.

5.1. Solid recovered fuel power plants
Generally, solid recovered fuel power plants are like waste incineration plants, which are
constructed according to the respective requirements – higher calorific value and higher
concentration of some pollutants than in mixed domestic wastes. Constructing these
plants was necessary for utilizing the increasing amount of solid recovered fuels produced
in mechanical-biological and recycling plants. This new type of power plant has become
a cost-efficient alternative for supplying energy-intensive companies with the required
power. Meanwhile, those power stations are mainly chosen for the various alternative fuels.
Annually, in Germany 3.62 million tonnes of solid recovered fuels from domestic and
industrial wastes are combusted in thirty solid recovered fuel power plants. If all plants
that are currently under construction are put into operation as planned, by the end of 2011
there will be a total of 36 solid recovered fuel power plants with a capacity of annually
4.81 million tonnes. The capacities of the individual solid recovered fuel power stations are
between 15,000 and 575,000 tonnes per year.
Solid recovered fuel power plants are regularly constructed next to energy-intensive companies; these are for example paper fabrics, which combine the utilization of their own and
external wastes with energy usages, cement factories, wood processing plants, companies
of the food industry, industrial and commercial areas.
From the economical and ecological point of view, the secured continuous utilization of
heat is essential for the choice of location of solid recovered fuel power plants. These power
stations serve the energy supply of individual production sites or companies from industrial
or commercial areas as well as of public utilities.
In most plants solid recovered fuels from the processing of domestic and industrial wastes
are used. In production sites the combusted wastes are production specific.
The dominating firing system is the stoker-fired furnace with a share of seventy percent. In
the remaining plants the circulating fluidized bed is used; stationary and rotating fluidised
beds play only a subordinate role. A particular strength of the circulating fluidised bed is
its flexibility with respect to the calorific value range and the applicable fuel spectrum. The
circulating fluidised bed has higher requirements for the quality of solid recovered fuels and,
hence, the level of conditioning than the stoker-fired furnace. Several plants with circulating
fluidised bed were constructed next to paper factories. Besides the energy generation, the
plants serve the purpose of disposing production specific wastes – rejects, discards, fibre
residues and sludge from the site’s wastewater treatment plant.

5.2. Incineration of solid recovered fuels in coal-fired power plants
The second most important recovery patd for solid recovered fuels from municipal waste
and commercial waste is the co-incineration in brown coal-fired and black coal-fired power
plants. Solid recovered fuels from mixed municipal waste, from recycling plants and/or
production-specific commercial wastes were tested at more than twenty power plant facilities
– with different results. In about half of the plants continuous co-incineration was started.
In some of the other plants the tests were cancelled due to serious problems. Procedural
deficiencies were incomplete burnout and collapse of combustion as well as corrosion.
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A problem is the loading of the flue gas treatment plant due to the increased input of pollutants with the solid recovered fuels in comparison to the regular fuels. Generally, coalfired power plants are not adequately equipped to handle pollutants, in particular, highly
volatile mercury but also other heavy metals that are emitted gaseous or particulate matter
bound, as well as hydrogen chloride cause problems an in some cases have to be upgraded.
Finally, economic factors influence the realisation of co-incineration projects. Upgrades
– solid recovered fuel feeding system, retrofit of the flue gas cleaning and enlargement of
the ash discharge systems – require considerable investments. In plants with circulating
fluidized bed combustion a sorption stage and a second dedusting stage have to be retrofitted if necessary.
In the recovery of power plant by-products like coarse ash, fly ash and gypsum, losses of
income may arise due to the solid recovered fuel input. Reasons may be accumulation of
heavy metals in these products, contamination with incompletely burned out solid recovered
fuel particles and impurities, change of the chemical and mineral composition, change of
the product properties as well as lost of certification.
Different types of power plants offer various favourable conditions for the co-combustion
of solid recovered fuels in dependency to the firing system, type of fuel, flue gas cleaning
system, technical design and operating mode.
The quantities of solid recovered fuels from mixed municipal waste and production-specific
commercial waste that are co-incinerated in German coal-fired power plants increased from
100,000 tonnes in 2004 to about 300,000 tonnes in 2005 and to about 800,000 tonnes in
2010. 2010 about 78 percent were allotted to brown coal-fired power plants and 22 percent
to black coal-fired power plants.
The co-incineration of challenging solid recovered fuels from inhomogeneous municipal
solid wastes and commercial wastes was not started until the beginning of the 1990s. The
co-incineration of mono-material solid recovered fuels, especially of sewage sludge and
paper fibre residues, is already practised for a longer time. The Federal Environment Agency
investigated in 2004, that in 25 coal-fired power plants altogether about 660,000 tonnes
of municipal and industrial sewage sludges (dry matter) per year were co-incinerated. In
addition other types of solid recovered fuels are co-incinerated in coal-fired power plants,
for example animal meal, waste wood, waste plastics, used active coke, paint and varnish
sludges as well as acid tars. But these quantities are of subordinate importance.

5.3. Solid recovered fuel recovery in cement plants
In 2009 nearly sixty percent of the fuels in cement plants were alternative fuels; thereof
188,000 tonnes consisted of processed municipal wastes.
The co-incineration potential in the cement industry is tapped to a considerable degree.
The alternative fuels are energetically and materially utilized, the ashes become components
of the clinker.
In 2007 in Germany there were 56 cement plants in operation. In Germany cement clinker
is mainly produced using the dry process in rotary kilns with cyclone preheater.
Kilns with grate preheater are of subordinate importance. Shaft furnaces are practically
meaningless with only about one percent of the capacity.
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For the production of portland cements more and more secondary raw materials are applied
that contain – like the natural raw materials – silicium, aluminium, iron and/or calcium
oxide as main components. Among the secondary raw materials are for example lime
sludges from the drinking and waste water processing (Ca), waste sands from foundries
(Si), residues of coal processing (Si-Al), dusts from steel plants and mill scale (Fe) as well
as granulated blast furnace slags and fly ashes (Si-Al-Ca). The demand for sulphate agents
that serve to control the processing characteristics of the cements partly is covered with
gypsum from flue gas desulfurization plants.
The clinker production is an energy-intensive process. Since the 1990s the conventional
fuels for the cement industry – mainly black and brown coal – partly were substituted by
petroleum coke. This is the solid fraction of mineral oil that is produced in crude oil processing and primarily consists of carbon.
Meanwhile, a variety of alternative fuels is used to considerable extent. Their share in the
total fuel energy input in the last years increased continuously; in 2009 it amounted to
58.4 percent. The greatest mass fractions were allotted to:
•

fractions from industrial and commercial wastes: altogether about 1.7 million tonnes
per year – under it plastics, cellulose/paper/cardboard and other fractions,

•

sewage sludges: 263,000 tonnes per year,

•

tyres: 245,000 tonnes per year,

•

animal meals and fats: 204,000 tonnes per year,

•

processed fractions from municipal wastes: 188,000 tonnes per year,

•

solvents: 81,000 tonnes per year.

Other alternative fuel types follow with smaller shares, for example waste oil, oil sludges,
organic distillation residues and waste wood.
The calorific values of the alternative fuels show a wide range; the average values vary from
4 MJ/kg (sewage sludges) to 29 MJ/kg (waste oil).

6. Conclusion
•

The Waste Framework Directive of the European Union defines the priorities for the
constitution of the future waste management: prevention – preparing for re-use – recycling – other recovery – disposal.

•

Recycling has a high priority, however ecological and economic limits have to be observed.

•

Recycling and waste incineration do not compete with each other. Both process principles complement one another.

•

Recycling, energy recovery and thermal treatment of residual waste are essential components of ecological waste management systems; during waste management planning
they already have to be coordinated.
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Figure 5:

Comparison of the systems of MBT and WIP
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•

Pollutants may not be accumulated in the products by recycling. Organic pollutants have
to be destroyed. Inorganic pollutants have to be segregated and deposited underground,
where they are safely isolated from the biosphere.

•

Residual waste can be mechanical-biologically pre-treated. With this process waste
incineration is not avoided, it is only delayed by an additional procedural stage. In
Germany in the average about sixty percent of the input of mechanical-biological waste
treatment plants finally go into the incineration.

•

Waste incineration is the most developed treatment process for residual waste. The
plants are environmentally friendly power plants and provide an ideal combination of
waste management and energy supply.
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