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1. Recycling in the Act for Promoting Closed Substance Cycle
Waste Management
The Act for Promoting Closed Substance Cycle Waste Management from 24th February 2012 as per article 2 paragraph 25 includes the following definition for recycling:
In the purposes of this Act, recycling means any recovery operation by which waste is
processed into products, materials or substances whether for the original purpose or for
other purpose. It includes the reprocessing of organic material but does not include energy
recovery and the reprocessing into materials that are intended for the use as fuels or for
backfilling.
In the general understanding, recycling describes the reduction of waste or waste
constituents to the material cycle.
This means the overall process of transformation of waste to a new product, but not
supplying it into a first treatment stage. The result of a first treatment stage, gives no
information about the Act-compliant allocation to recycling or other recovery.
If the results of the first stage, are:
• Thirty percent of the input for further processing,
• Sixty percent of the input for further processing into solid recovered fuels,
• Ten percent of the input for disposal,
is the description of this first treatment stage as a recycling process not correct, because
the biggest part of the input is supplied for other utilisation.
Even if the result of the partial process would be different, the allocation to one category
or the other would be misleading.
The only guiding principle for a reality corresponding allocation, is viewing the result
of the overall process, in which the material flows can be divided into different lines
and within these lines into numerous sub-processes.
According to this result, the first process can be classified in different levels of the waste
hierarchy – recycling or other recovery or disposal.
Of particular importance in both, the Act for Promoting Closed Substance Cycle Waste
Management and the Waste Framework Directive is the exclusion from the definition
of Recycling energy recovery and the reprocessing into materials that are intended for
use as fuels materials...
It‘s hard to belive that the waste incineration process, with the objective of energy conversion and the production of fuels from waste, is not allowed to use the terminology
Recycling, but are defined as other energy recovery.
This distinction is justified by the fact that these procedures – viewed on its own – are
no worth preserving operations for compounds or items.
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This reasoning is not really understandable, since in the energy from waste – as well
as in the compound recycling – saves raw materials.
Impressive would be the argument for excluding energy from waste from the recycling
process, if it would involve no high-quality waste treatment:
§ 8 paragraph 1, sentence 3 and 4:
In the embodiment of (.....) the recovery measure to be carried out is to seek a best-ensuring
high quality recovery for the protection of mankind and environment,. § 7 paragraph
4 is (.....) applied.
§ 7 paragraph 4.:
The obligation of recovering waste is to achive, as far as technically possible and economically reasonable, especially if a market exists or can be created for a recovered compound
or recovered energy.
The recovery of waste is also technically possible, if a pretreatment is required. The economic
reasonableness is given, when associated with the recovery costs are not disproportionate
to the costs that would occur for a garbage disposal.
In Act the definition of high-quality is not defined.
Alternatively, it could be assumed that a recovering process has high-quality, if the process
is more environmentally friendly and more economical than alternatives and if by the
recovering process compounds or materials are produced, which have the same quality
as the original substance or the material of origin.
This could be the case if copper from the recycling process has the same quality as the
copper used in the original product. The same would apply for a piece of plastic that
was used for special packaging.
Incomprehensible would be the argument that a waste treatment process, in which the
incineration process represents a integral part, is not a recycling process, although the
recovery of a raw material or multiple raw materials is an integral part of the overall
process.
For example metals and building materials should be recovered into the material cycle
with a method where the first stage of the process is the incineration of waste and the
second stage represents the mechanical preparation of the ashes, the overall process is
an energy recovery process and also a recycling process.
In this process, the chemical energy bound in the waste is converted into heat and electricity and the inorganic components – metals and mineral materials – will be recovered.
The statement where the description of a thermal waste treatment, which is part of a
process chain, is not a recycling process is hardly to understand especially if the process
is designed specifically for the recovery of raw materials – e.g. metals.
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This is the case of thermal pre-treatment of various waste in the context of process
chains [1, 2], for example at:
• composite materials such as electronic waste for separation of metals from the
synthetic material,
• composite packaging from drinks with aluminum coating,
• dusts from steel shops for the separation of ferrous and non-ferrous metal compounds,
• brass swarf to separate oils and other contaminants,
• light fraction from shredders for the recovery of metals that were not removed by
the previous magnetic and eddy current separation,
• carbon fibers to separate the binder,
• glass fibers to separate the coating,
• molding sands for reuse,
• contaminated soils for cleaning and replacement to the ground,
• phosphorus from waste for recovery as fertilizer,
• Explosives, B and C-warfare agents for disposal and metal recovery as a side effect.
In the definition of the Act § 2 paragraph 25 is also claimed that thermal processes can
be constituents of recycling processes. In the Act, energy recovery is mentioned as an
fact of exclusion, but not thermal processes such as pyrolysis, gasification, incineration
or melting.
In terms of their importance it can be distinguished:
• Energy recovery means the conversion of the chemical energy, bound in the waste
in heat and/or electricity. The term describes the purpose, not the technology of
the process.
• pyrolysis, gasification, combustion and melting techniques refer to methods, but
not the so desired purpose.
The Act says that recycling means any recovery operation, where waste products,
materials or compounds (.......) are reprocessed.
Using thermal processes it initially remains unsettled, whether the target is the energy
conversion or the recovery of compounds and materials or both the energy conversion
and the recovery of materials for the materials cycle.
Thermal processes can be as each recovery technology, necessary steps in the recycling
processes.
In the definition of recycling in § 2 the verb used for the treatment of waste for recycling is process.
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The German meaning of processing is frequently used in connection with treatment
of raw materials and waste in mechanical processes. With this interpretation stakeholders of companies often argue, who have only mechanical treatment plants. This
interpretation may not reflect the intention of the Act and is not written in the text.
The term processing describes all technologies where compounds and materials can be
recycled into the material cycle.
For recycling it can be applied:
• mechanical treatment processes; for example: crushing, agglomeration, sizing,
sorting, drainage, mixing;
• physico-chemical treatment processes; for example: leaching, detoxification, oxidation, reduction, neutralization;
• biological treatment processes; for example: aerobic and anaerobic treatment,
Bioleaching;
• thermal treatment processes; for example: pyrolysis, gasification, incineration, melting, distillation.
According to the Act, there are no qualitative differences that would justify the exclusion
of a treatment process for recycling.
It has to be analysed in each individual case, which processes and process combinations
represent the best value for the result of the recycling process.
The adherence with the environmental regulations as well as resource protection and
also the economy and the value of the compounds must taken into account.
It must be mentioned, the results of those studies are valid only to the specific investigation periods.
They also depend on the date of investigation, where the technology is available and
the ressource supply.

2. Disposal situation in Germany
The waste treatment has a high level and due to a consistent development of legislation, process technology and implementation Germany is on a world leading position.
(Figure 1)
In Germany the amount of waste in 2011 was about 343 million tonnes (blue curve
in Figure 2).
The red curve in Figure 2 shows the amount of waste plus waste from waste treatment
plant. It gives the impression that the total waste volume in 2011 was 387 million
tonnes. This impression is wrong. Would you follow this approach consistently – the
waste from all other levels of the recovery process to the manufacture of the finished
product the must be mentioned.
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This representation reveals the linear thinking of the authors when considering the
recycling process. Treatment of waste can involve multi-step processes with various
middling particles, including new production of waste but the total volume will not
increase.
Figure 3 shows the origin of the waste in Germany.
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Total: 342.8 million tonnes1)
municipal solid waste
50.2 million tonnes
(14.7 %)
industry, trade
58.4 million tonnes
(17.0 %)

{

68.3 %2)

mining
34.7 million tonnes
(10.1 %)

Figure 3:

construction, demolition
199.5 million tonnes
(58.2 %)
1) without waste from treatment plants
2) sum of mineral waste

Origin of waste in Germany, 2011
Source: Statistisches Bundesamt, May
2013 (provisional data)

Most of the waste is generated by manufacturing and trade and is privately disposed
by the economy on its own responsibility.
About fifty million tonnes of the total volume was municipal waste; which are about
fifteen percent. Responsible for this part of waste are primarily municipalities – public
waste management authorities.
The public waste management authorities take on this task themself or – while maintaining its responsibility – allocate it after a public tender to private companies or to a
public-private partnership company.
Table 1:

Waste treatment plants for municipal waste in Germany

Number
~ 1,000

Type of waste treatment facility
Sorting facilities

277

Biowaste composting plants

672

Green waste composting plants

800 to 900

Fermentation plants with permission for biowaste

61

Mechanical (- Biological) waste treatment plants

67

Incineration plants with strict emission limit values

1
36

Pyrolysis plant
Substitute fuel power plants (December 2012)

346

Landfills existed before 1st June 2005, before the Ordiance on Environmentally Compatible
Storage of Waste from Human Settlements and on Biological Waste-Treatment Facilities
taking effect

196

Landfills class II since 2006, to ensure that only pre-treated waste is accepted

166

Landfills class II untill end 2010 in opertion (provisional specification)

about 3,700

Sum of all treatment plants
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Recycling 77.11 %
feedstock recycling
71.33 %
energy recycling
5.78 %
treatment
1.30 %
incineration
3.31 %
landfill
18.28 %
disposal 22.89 %

The disposal of municipal waste is an essential part of public services. Thanks to
the competence of the public waste carrier
we have in Germany – even in international comparison (Figure 1) – a municipal
waste-disposal at a high technical and
organizational level. It takes into account
hygienic and ecological, but also social aspects and remains affordable for citizens.
An impression of the trend of waste management in Germany shows the number
of waste treatment plants (Table 1).

According to the Federal Statistical Office,
about 77 percent of the waste was recycled
in 2011 and about 23 percent eliminated.
Figure 4:
Waste disposal and recycling in
The 77 percent are split to 71.3 percent
Germany 2011
for recycling and 5.8 percent for energy
Source: Statistisches Bundesamt
recovery (Figure 4).
44 million tonnes of municipal waste from households were collected separately
(Figure 5).
Recyclable collection
Part of household waste 2011
Paper, cardboard
8.1 million tonnes
Packaging
5.4 million tonnes
Glass
2.6 million tonnes
Household appliances 0.6 million tonnes
Other
1.8 million tonnes
Biowaste: from the organic waste bin,
biodegradable garden and park waste
Bulky waste

18.5 million
tonnes

9.1 million
tonnes

44.0
million
tonnes

2.4 million tonnes

50.2
million
tonnes

14.0 million
tonnes
Household- and other waste
Other municipal waste:
• Household-type industrial waste, separated from houshold waste
• street-cleaning residues/ garden waste (soil and stones)
• Biodegradable kitchen and canteen waste
• Waste from markets
• Fluorescent tubes and other mercury containing waste
• Separately collected fractions of waste

Figure 5:
Source:
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However, these official data on waste statistics to the amount of recycled waste relate
– as explained in chapter 1 – only on the input from the initial stages of treatment.
Usually this means systems for sorting the waste or pre-treatment for the recovery but
not recycling.
The recycled part of the waste is, after segregation of non-recyclable materials, lead
back to the materials cycle.
But not the whole garbage collected, which is supplied to a recycling plant as a first
disposal facility.
The not recovered material from the first treatment stage is either recycled as residual
waste in waste incineration plants or as a substitute fuel in solid recovered fuel or coal
power plants as well as cement plants. If the waste is not recyclable it is deposited.
Therefore, the information on the recycled fraction of waste in the official statistics are
misleading. Gross is confused with net.
For the correct statement about recycling, that means the part which is recirculated
in the material cycle, the material that is brought to waste incinerators or landfills has
to be deducted from the amount promoted in the official statement about recycling.
Official statistics should promote only the dedicated waste which went back to the
materials cycle. The waste from the first treatment plant which is energetically recovered and goes to landfills must be assigned to the appropriate categories such as other
recovery or disposal.

3. Waste incineration
Waste incineration is the oxidation of atmospheric combustible components of waste
with the aim of volume reduction, conversion and utilization of the contained chemical
energy, prior further treatment steps or landfilling. The collection of waste is necessary
prior the incineration; individual components such as rubble, waste wood, waste glass,
small scrap, used packaging, waste paper and paperboard are collected separately for
recycling. To improve the economic and technical efficiency these components are
treated apart. Even old electrical appliances, electrical scrap and vehicles as well as
clothing and shoes can be recycled separately. After delivery to the waste treatment
facilities the waste may be conditioned. For example, the calorific value can be increased
and / or harmonized through processing by sorting or mixing. The waste can also be
treated mechanically (-biologically) prior to incineration.

3.1. Priority of waste incineration
Waste incineration has more than a hundred years of history, it is with more than four
hundred plants in Europe the most advanced waste treatment method (Table 2).
Although the waste incineration in Germany makes a small but non-negligible contribution to the energy supply in Germany (Table 3).
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Table 2:

Benefits of waste incineration plants

•

largely mature process with more than a hundred years of history

•

no contradiction for recycling, but a necessary complement

•

pollutant sink for pollutants in waste
* destruction of organic pollutants in waste
* concentration of inorganic pollutants in the secondary wastes emission control

•

pollutant emissions in the annual average are below the legal limits by a factor of 100

•

approval values are higher because of the heterogeneity of the waste (emission peaks)

•

no damage of human and environmental assets

•

sanitization of the waste

•

during operation no contact with waste by the operating personnel

•

securing business of individual plants by delivering process steam and electricity

•

supply of residential and commercial areas with district heating or cooling

•

currently no competitive process available for the treatment of residual waste

Table 3:

Contribution of waste incineration to the energy supply

waste incinerators
cost efficient
one tonne of waste
are small power plants
power generation
delivers
		
for base load
600 kWh of energy
				

19 million tonnes of waste are
incinerated in Germany:
~ 5 million MWh energy
~ 15 million MWh district heating

In more than hundred years of waste incineration, there have been development steps.
The current sixth generation plants established in the year 2000, have undergone
significant progress towards the fifth generation in concideration of furnace, steam
generation, emission and energy use. This development was supported by the political
and economic environment, the advanced state of technology and the changing market
situations of waste [8]:
• The disposal of untreated waste was banned in several countries.
• Largely standardized plants were built, the grate fiering – partially with water cooling – has been further improved and is now state of the art. Also the fluidized bed
incinerator has been implemented sporadically and by cladding the walls of the
steam generator, durability were increased and therefore the availability improved
• The limit values for pollutant emissions have been reduced several times and still
could be safely observed, usually with half the limits. Worth mentioning is, that
semi-dry exhaust gas cleaning systems have largely replaced the wet method.
• The energy efficiency was significantly increased; the production of electricity is
common in almost all plants in Germany. Combined heat and power systems were
implemented and existing district heating networks were expanded.

3.2. Legal conditions for incineration
For the approval and operation of waste incineration plants in Germany, the Federal
Immission Control Act (BImSchG) and its regulations apply. The 17th ordiance on the
implementation of the Federal Immission Control Act includes requirements for the
12
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design of the firing and limits of emissions. Emissions must be monitored continuously
and the measurement results have to be transmitted online to competent authorities.
In § 5 and following of the 17th ordiance on the implementation of the Federal Immission Control Act, the limits of emissions and associated calculation methods for the
assessment are included. Since the publication of the european incineration directive,
waste incineration plants and co-incineration plants – such as cement and power plants
– have the same emission limits.

3.3. Incineration capacity in Germany

The waste incineration plants in Germany are mainly distributed depending on the
population density. Nevertheless, municipal and industrial wastes are often transported
over long distances. Maps with basic data of plants for incineration of waste and solid
recovered fuel are shown in the Figure 6 and 7.
Untreated waste and recovered high calorific waste fractions from mixed waste can be
treated in waste incineration plants, in solid recovered fuel power plants or in cement
and coal power plants. The energy contained in the waste is used with a few exceptions for the generation of electricity and / or thermal heat (steam). Depending on the
energy usage the plant is referred as waste power plant, waste heat plant or waste heat
and power plant.
The proportion of waste, disposed in incinerators – recovered or disposed – is different
in countries. In industrialized countries, the proportion of incineration is – especially
because of the current legal framework for waste management – significantly higher
than in emerging and developing countries. Since 1st of June 2005, the landfilling
of untreated waste materials containing organic components is prohibited by law in
Germany. This waste may be deposited as ash / slag after burning. In Switzerland one
hundred percent of household waste is thermally treated.
To reduce environmental impacts of waste it is first incinerated then disposed on landfills. Because landfill space, especially in densely populated countries, is scarce and the
landfilling of incineration residues requires less volume than non-pretreated waste. In
addition, less soluble pollutants of thermally treated waste compared to the untreated
waste are released at the landfill. After incineration, only little pollutants reform. By
anaerobic degradation processes, eluted pollutants from untreated waste diffuse in
groundwater, soil and ambient air.
Thermally treated residues with a content of less than three percent carbon, can be
disposed more easily. After establishing of the EU Directive 1999/31 / EC, the proportion of biodegradable components is limited to three percent for landfills. Thats why
municipal waste with organic ingredients must be pretreated in the EU Member States.
Since 2000 the amount of incinerated waste has quadrupled in Germany; in 2011,
19.7 million tonnes of waste were thermally treated (Figure 8), with the largest percentage was converted into energy. This is compared to the previous year, an increase of
thirteen percent. Of these, two thirds were used for energy usage, 6.8 million tonnes in
biomass power plants and 6.3 million tonnes in solid recovered fuel plants. Two million
tonnes incur to other power plants, 1.2 million tonnes to thermal power stations and
3.4 million tonnes to production facilities.
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3.4. Construction of waste incinerators
Conventional waste incineration plants consist of
• waste receiving and feeding:
* Weighbridge to determine the weight by subtraction of input and output weight,
* Unloading hall, in which the waste is conveyed through chutes into the deep
bunker
* Deep bunker for temporary storage and homogenization of the waste,
* Grab crane, which is used to transport the waste from the bunker into the feed
hopper of the furnace
• boiler with furnace and steam generator:
* Firing chamber with grate, in which the waste is burned,
* Deslagger in which the ash / slag is falling from the burnout grate and from
there is transported for treatment in the slag bunker;
* Steam generator where the steam is generated from the hot exhaust gases of the
incineration
- that the turbine and the generator can be driven to produce electric current
or
- as district heating for heating of households or
- as process heat for industrial processes;
16
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• emission control system:
* Filter, which are formed as surface filters and / or electrostatic precipitators and
where dust is deposited,
* Wet scrubbers or reactors for dry sorbent absorbtion with addition of calcium
compounds and / or activated carbon for chemical treatment and deposition of
pollutants such as HCl, HF, SO2, heavy metals, dioxins / furans,
* Chimney through which the cleaned flue gases derive in the atmosphere
• various ancillary and auxiliary systems.

3.5. Types of waste incinerators
Waste incinerators are used for different purposes in different designs and sizes. For
example small plants are operating in hospitals to eliminate bacterially contaminated
waste on site.
Modifications of incinerators are used for different wastes, for example:
• grate furnace that can be used for a wide range of solid waste because of their robustness such as waste from mainly different heterogeneity / untreated waste from
households and businesses, as well as solid recovered fuels;
• Fluidized bed incinerators are suitable for homogeneous wastes such as sewage
sludge and for solid recovered fuels;
• Rotary kilns are suitable for hazardous waste.
Recycled waste can also be used as solid recovered fuels in plants that were not intended
primarily for the treatment of waste, for example: solid recovered fuels are co-incinerated
in rotary kilns of coal power plants or incineration plants from the cement industry.
The largest proportion of incinerated waste is – possibly after pre-treatment – treated
in large scale waste incinerators equipped with grate furnace, where the released heat
is used for district heating and / or to generate electricity. Untreated mixed waste is
usually incinerated in plants with combustion grates, partly in fluidized bed incinerators after prior treatment.
Prior incineration, the waste from different sources it can be treated in connected
upstream treatment plants or be forwarded directly into the underground bunker of
the incinerator. The waste is mixed with the grab cranes for homogenization of composition and incineration properties. The waste can also contain solid recovered fuels
such as non-recyclable plastic waste or shredded wood from the bulky waste treatment.

3.5.1. Grate firing
For combustion in grate incinerators, waste must not be treated seperatly; they are
supplied by collection vehicles, dumped in deep bunkers and transported via grab
cranes to the hoppers of the incinerators. If solid recovered fuels are used for the furnace, conveyor belts will be a alternative for feeding the system. The charging device
17
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of the incinerator consists of a sluice and a treatment table. The waste is metered onto
the grate of the furnace chamber where it is conveyed through the various phases of
the incineration process until the ash discharge.
Pre-or reverse-moving grates are common or rarely roller grates are used in grate
incineration plants. In the first zone, the waste is dried; the water content evaporates
at temperatures above 100 °C. In the temperature ranges of 250 to 900 ° C, the waste
is degassed during the next zone. When reaching the flash point of the degasification
products the incineration sets in, which occurs initially at a temperature 800-1,150 °C
in substoichiometric environment. The complete burning out of the solid residues takes
place in the last grate zone. The afterburner is arranged above the furnace, to burn the
gases from the incineration process.
With primary air supplied beneath the grate and secondary air supplied above the incineration process, the whole process and therefore the formation of reaction products
is controlled. The incomplete incineration on the grate is initiated, with primary air.
To burn the waste with low nitrogen oxide formation, the primary air is metered. By
supplying secondary air, gases like carbon monoxide or hydrocarbons are burned in
the afterburner. The air in the incineration chamber can can be regulated in every zone
according to the gas analysis of CO, NOx or excess air. The residues fall from the end
of the grate in the deslagger; which is a container filled with water. Located behind the
grate, it seals the furnace from the atmosphere and extinguishes the hot incineration
residues, discharged from the chamber. The ash / slag is transported with a plunger or
a scraper chain on conveyor belts to the treatment.
In Germany, the legal conditions for waste incineration are defined by the Federal
Immission Control Act and its decrees.
The temperature in the incineration chamber may be more than 1,000 ° C, depending
on the system. The 17th ordiance on the implementation of the Federal Immission
Control Act states, after the last feeding of incineration air, the gases must have a
temperature of at least 850 ° C for at least two seconds. Lower temperatures in the
incineration chamber are permitted, provided compliance with the emission-limit
values is detected. To prevent the release of dioxins and other toxic compounds these
organic contaminants are destroyed by incineration of the flue gases.
The lower zone of the steam generator is supported with bricks to limit the heat transfer
to the boiler tubes, ensure a high afterburning temperature and to protect the walls of
the boiler tube against corrosion during high temperatures. Due to the reduced heat
transfer, the flue gas keeps high temperatures over prolonged periods. In this way,
complex hydrocarbons such as dioxins and furans are destroyed.
The exhaust gas is transferring a part of its heat to the heating surfaces of the steam
generator. During the cooling process, new pollutants such as dioxins can arise. Waste
incineration plants are equipped with sophisticated technology of exhaust gas treatment,
because of the possibility of this reaction.
Starting and auxiliary burners are set for the start of the incinerator or are used if the
waste exhibits insufficient or varying calorific values in operation.
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3.5.2. Fluidised bed incineration
Sewage sludge and solid recovered fuels can be burned in furnace with fluidized bed
firing. Untreated domestic and industrial waste is not suitable because of their heterogeneity, they must be prepared prior – crushed, graded and sorted. Only substances
of defined size and composition can be kept in suspense. Metals and stones are mostly
removed from the fuel, because they would damage the conveyor and discharge systems.
For the incineration of treated waste furnace are used with stationary fluidized bed as
well as with rotating and circulating fluidized bed. After starting the furnace with oil
or gas burners, solid waste, dewatered and / or dried sewage sludge are given from the
side or from the top of the fluidized bed. For this process spreader feeding or augers
are used. A nozzle floor is arranged in the lower part of the fluidised bed incinerator.
This is fitted with a air nozzles – or pipe system. Through the nozzle, incineration air is
blown into the furnace, to create a fluidized bed with waste and sand contained in the
furnace. The fuel, the ash and sand are kept in the oven in suspense. Through mixing
of fuel with air a largely uniform, almost optimal incineration takes place. Stratification, caused by unburned air or carbon monoxide can be largely avoided. Incineration
parameters can be optimized with partial recirculation of exhaust gas. The incineration
temperatures are between 800 ° C and 900 ° C. At a uniform temperature only a low
level of nitrogen oxides are generated. Depending on their wight the ash is discharged
up through the fume outlet or down through shafts to the deslagger.

3.5.3. Incinerators for hazardous waste – rotary kilns
Rotary kilns are suitable for high temperatures for the incineration of hazardous waste.
The waste is fed to the rotary kiln at the upper end of the inclined and slowly rotating
tube. The length of a rotary kiln for the burning of hazardous waste can be up to twelve
meter; the diameter is between four and five meters. Because the waste is burned at
1,000 - 1,300 ° C, the rotating tubes are lined with refractory bricks. These temperatures
are necessary, because the minimum temperature for the incineration of hazardous
waste with halogenated organic substances must be 1,100 ° C. The refractory lining
protects the outer steel shell of the furnace from corrosion and high temperatures. In
rotary kilns the waste of varying consistency and lumpiness can be burned, for example
Solids, sludges, liquids and filled waste barrels. As additional fuel for incineration in
rotary kilns, oil and gas are used or ideally high calorific value solvent waste of at least
20,000 kJ / kg.

4. Calorific value
For the incineration of untreated municipal waste in Germany, th expected heating
values are 9-11 MJ / kg. The amount of electrical energy per kg of wet waste of a waste
incineration plant is 1.3 MJ or about 0.36 kWh. Taking into account the balance of all
the limitations and efficiency of the sub process in a common waste incineration plant
with the following main components
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• feeding;
• main thermal process consisting of
* solid burnout on a grate,
* generating steam in a steam generator,
• exhaust and wastewater treatment;
• electrical energy conversion.
The municipal waste is already treated prior to its delivery in the waste incineration
plant (according to the Act for Promoting Closed Substance Cycle Waste Management
and Ensuring Environmentally Compatible Waste Disposal, § 4 paragraph 1 KrW- /
AbfG and § 6 KrW- / AbfG). That means recyclable components are removed - such as
unmixed plastics, paper and glass. Thus the limit for the energetic recovering of waste
materials was fixed to 11 MJ per kilogram (§ 6 Abs. 2 KrW- / AbfG), so a self-sustaining
combustion of the waste without supplementary firing is possible.
A mechanical-biological waste treatment plant can be used to separate low calorific
value or / and moist organic waste. It can be treated in a composting or anaerobic fermentation plant prior to landfilling. Also inert substances can be separated. Because of
these measures, the waste have an increased calorific value with at least 11MJ energy
recovery. The energy provided by the incineration of waste, can be used thermally and
/ or electrically.

5. Emissions
5.1. Waste gases
If mixed waste is incinerated, the qualities and quantities of the burnt waste are not
known at any given time. The compositions of the waste gases and the ash will vary
depending on the quality of the waste and of the operating conditions in the incineration reactors. During incineration, carbon dioxide and water, among others Carbon
monoxide, sulfur oxides, nitrogen oxides, hydrochloric acid and hydrogen fluoride as
well as mercury and heavy metal-containing dusts are produced. Toxic substances occur
such as polychlorinated dibenzodioxins and dibenzofurans in low concentrations. In
the past, waste incineration was taken responsible for the spread of the aforementioned
substances in the environment. After determination through the Federal Environment
Agency, this statement is no longer true: In 1990 one third of all dioxin emissions came
from waste incinerators, there were in 2000 less than one percent.

5.2. Ash, slag and dust
The solid residues from waste incineration plants are about thirty percent of the quantity of waste incinerated. This includes ash / slag as well as wastes from wastegas and
wastewater treatment. During the incineration process, the exhaust gas cleaning and
steam generation, the ashes from the furnace represent the largest fraction of resulting solid end products. From German waste incineration plants in 2002 came about
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3.4 million tonnes of ash, of which after treatment – removal of iron and non iron
metal – 2.9 million tonnes were left. The ashes were deposited, used for filling of abandoned dumps or used as building material for dams and roads. Boiler and fly ash goes
to landfill and in mines. Scrap iron and non-ferrous metals are sorted out; Gypsum is
obtained from the residue of the wet exhaust gas purification.
Dust and dry residues from the chemical emission control are stored in Germany almost
entirely in salt mines. Incineration ash with concentrated pollutants are partly deposited in surface landfills or used as a filler in salt deposits and in road construction. Ash
which is used for road construction, have to be eluate-analysed prior to its utilization.

6. Waste incineration plants in Germany
According to the requirements of the Act for Promoting Closed Substance Cycle Waste
Management and Ensuring Environmentally Compatible Waste Disposal only the waste
which can not be recycled or treated in an environmentally compatible way in Germany,
should be treated in waste incinerator plants.
The first waste incineration plant in Germany was built in 1893 at Hamburg Bullerdeich.
The first usage took place in 1894 and the regular operation started 1896. The first plant
in Munich was built around the turn of the century and 1921 the first plant in Berlin
was erected. The waste incineration plant in Berlin-Schöneberg was shut down after a
short time after it could not meet the expectations. The first waste incineration plant
after the Second World War was built in Berlin-Ruhleben.
53 waste incineration plants were built in Germany until 1998. The number rose to 61
in 2003. The Federal Environmental Agency published a list of 69 waste incineration
plants In December 2009. (Figure 6 and Table 4)
Table 4:

Incineration capacity of german waste incineration plants

No.

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Asdonkshof (Kamp-Lintfort)
Augsburg
Bamberg
Berlin/ Ruhleben
Bielefeld – Herford
Böblingen
Bonn
Bremen (Mittelkalorikkraftw.)
Bremerhaven
Burgau (Pyrolyse)
Burgkirchen
Buschhaus (Helmstedt)
Coburg
Darmstadt
Düsseldorf
Emlichheim
Erfurt
Eschbach (Freiburg/ Breisgau)
Essen – Karnap

Capacity
tonnes per year
268,000
200,000
110,000
520,000
420,000
140,000
252,000
550,000
315,000
25,000
210,000
525,000
115,000
212,000
450,000
364,000
73,000
150,000
700,000

Capacity
tonnes per year
247,000
211,500
130,000
520,000
480,000
160,000
262,000
550,000
315,000
25,000
240,000
525,000
138,000
214,200
450,000
364,000
78,000
185,000
740,000

Sources
UBA, Euwid 2009
UBA, Euwid 2009
UBA, Euwid 2008
UBA, Euwid 2009
UBA, Euwid 2006
UBA, Söhndel
UBA, Euwid 2008
UBA, Euwid 2007
UBA, BEG
UBA, LFU
UBA, ZAS
UBA, E.ON
UBA, ZAW
UBA, Euwid 2008
UBA, Stadtwerke
UBA, EVI
UBA, Von Roll
UBA, Euwid 2009
UBA, RWE Power
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Table 4:

Incineration capacity of german waste incineration plants – continuation

No. Location
		
20
Frankfurt/ Main
21
Geiselbullach
Göppingen
22
23
Hagen
24
Hamburg Borsigstr.
25
Hamburg Rugenberger Damm
26
Hamburg Stellinger Moor
27
Hameln
28
Hamm
29
Herten
30
Ingolstadt
31
Iserlohn
32
Kassel
33
Kempten
34
Kiel
35
Köln
36
Krefeld
37
Lahe (Hannover)
38
Landshut (bis 2011)
39
Lauta
40
Leuna
41
Leverkusen
42
Ludwigshafen
43
Ludwigslust
44
Magdeburg (Rothensee)
45
Mainz
46
Mannheim
München-Nord
47
48
Neunkirchen
49
Neustadt
50
Nürnberg
51
Oberhausen
52
Offenbach
53
Pirmasens
Rosenheim
54
55
Salzbergen
56
Schwandorf
Schweinfurt
57
58
Solingen
59
Stapelfeld
60
Staßfurt
61
Stuttgart
62
Tornesch – A. (Pinneberg)
63
Ulm (Donautal)
64
Velsen
65
Weisweiler
66
Weißenhorn
67
Würzburg
68
Wuppertal
Zella-Mehlis
69
70
Zorbau
sum
Source:
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Capacity
tonnes per year
525,000
95,000
155,000
120,000
320,000
320,000
180,000
240,000
245,000
250,000
240,000
238,000
150,000
70,000
140,000
590,000
380,000
280,000
40,000
225,000
390,000
210,000
180,000
50,000
650,000
237,000
500,000
700,000
150,000
60,000
220,000
680,000
200,000
189,000
60,000
120,000
450,000
175,000
105,000
350,000
300,000
420,000
80,000
110,000
255,000
360,000
90,000
215,000
410,000
160,000
280,000
18,739,000

Capacity
tonnes per year
525,000
101,000
155,000
125,000
331,000
353,000
180,000
300,000
295,000
600,000
246,000
295,000
178,000
70,000
137,500
720,000
382,600
280,000
36,500
233,700
390,000
219,000
213,000
50,000
650,000
340,000
625,000
725,000
150,000
58,400
228,500
707,000
250,000
183,000
58,000
120,000
450,000
175,000
122,000
356,000
380,000
420,000
75,700
149,500
255,000
404,000
99,100
239,900
440,000
160,000
300,000
20,556,800

Sources
UBA, Euwid 2009
UBA, GfA
UBA, E.ON
UBA, Euwid 2008
UBA, Euwid 2009
UBA, Euwid 2009
UBA, Stadtreinigung
UBA, Enertec
UBA, Euwid 2009
UBA, Euwid 2009
UBA, ZV MVA Ingolstadt
UBA, NRW AIDA
UBA, Euwid 2009
UBA, ZAK
UBA, Euwid 2009
UBA, AVG Köln
UBA, MKVA Krefeld
UBA, E.ON
UBA, LFU
UBA, Euwid 2009
UBA, MVV Umwelt
UBA, AVEA
UBA, Euwid 2008
UBA, Napp
UBA, Euwid 2008
UBA, EGM Flyer
UBA, Euwid 2009
UBA, SWM
UBA, E.ON emissions report
UBA, ZVO
UBA, LFU
UBA, Euwid 2009
UBA, Euwid 2010
UBA, E.ON
UBA, Rosenheim
UBA, SRS Ecotherm
UBA, ZMS
UBA, GKS
UBA, Euwid 2008
UBA, Euwid 2008
UBA, Euwid 2008
UBA, Gotschlich
UBA, GAB
UBA, TAD
UBA, Euwid 2007
UBA, Euwid 2007
UBA, AWB
UBA, ZVAWS
UBA, AWG
UBA, Eggenschwiler
UBA, Sita
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According to the Kyoto Protocol, techniques must be used to conserve resources and
have to be treated with the use of instruments of the materials flow management. After material recycling and exhaustion of the waste prevention potential, high calorific
fractions of municipal waste can be used as solid recovered fuels, for example, in the
cement industry and in steel production. Shredder light fractions from the disposal
of car wrecks and bulky waste can also be used, to substitute coke. The main process
have to be complemented by emission control systems.

7. Conclusion
1. The primary goal of waste treatment plants does not consist the recycling, but to
improve the environmental impact of secondary raw materials. They can also be
recognized as other products with multiple application possibilities.
2. The aim of all activities is environmental protection. Recycling is not an objective,
recycling is, among others, an instrument of environmental protection.
3. All available processing techniques can be used in different combinations for waste
recycling processes. Ideally the quality and quantity of the process inputs and the
desired process-outputs determine the type of combinations and their order. Only
with in mechanical processes mixed municipal waste, cannot be recycled.
4. Only materials which are the actually recovered portion of the process inputs can
be described as recycled. The indication of the whole input of waste into a recycling
serving process as recycled waste is misleading. It gives the impression of success,
which is not actually achieved. This indicates a error in official statistics of waste
management in Germany and leads to the misunderstanding, the broadest aim of
waste recovery was achieved.
5. The definition of recycling rates with the aim of recycling waste is not to protect the
environment; also quality standards have to be set. The commonly applied recycling
rate is not telling anything about the composition of the inputs to the recycling
process. The input can be increased by dissimilar waste, without any contribution
to the improvement of waste recovery.

8. More potential of the waste incineration
The already implemented approaches will be further optimized. New development
regarding the ashes / slags are undergone to improve the recycling part as a treatment
of the waste incineration process.
While in the past, large financial funds were spent to substantially inert the residues
of waste incineration, the focus today is on their optimization in terms of recovering.
Thats why the dry discharge of ash in conjunction with extensive crushing and sorting
of ashes has been developed. After fine grinding of the ashes, non-ferrous metals can
be almost fully sorted out. With this method the ash / slag loses some of its suitability
for road construction. In return, other application areas occur, such as raw meal for
cement industry or for the production of light pelltes as a substitute for coarse gravel
for the production of lightweight concrete.
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Considerable recycling potential lies within the dust from the emission control, which
contains a high percentage of metal. Previous approaches were too complex and
therefore not economical. It can be assumed that research and development have the
potential to develop the waste incineration as the ideal method for recycling metals
from dust and mixed waste.
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