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1. Introduction
The following years will bring the most intense changes in the field of municipal waste management in Poland. This is mainly due to the requirements posed by EU directives which
have already been implemented in the Polish law, but also to an act which will become
effective on 1 January 2012 under which gminy (municipalities) will have to assume the
obligations of estate holders within the scope of municipal waste management. All these
changes are supposed to lead to the creation of a system which will guarantee considerable
limitation of the amount of landfilled municipal waste. The reduction of municipal waste
stream ought to be quickly increasing and should significantly exceed 50 %. In view of
the anticipated amount of produced waste this reduction may constitute even more than
7 – 8 million Mg in 2020. This limitation should take effect mainly as a result of recovering,
preparing for re-use and recycling particular fractions of materials (paper, plastics, glass and
metals) and due to the treatment and reduction of biodegradable waste. When we analyse
the present state, i.e. the capacity of the existing installations for sorting, recovery and for
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biological treatment and incineration of waste as well as the pace of realising investment
processes in this area, we may already say that achieving such a level of reduction will not
be possible or it will be extremely difficult. On the other hand, however, particular examples
of modernising some technological installations carried out in the years 2010 – 2011 or the
construction of several new waste management establishments which are to start operation
in 2012 or 2013 prove that even in the Polish conditions it is possible to build installations
which provide high level of recovering material fractions and in effect to achieve reduction
of waste to be landfilled, while retaining high efficiency. Big challenges require undertaking
well-considered and well planned actions. The new system is going to be based on regional
waste treatment installations. Even if all the currently planned incineration installations
are actually built, their capacity will only allow the treatment of not more than 20 % of the
produced municipal waste. The remaining waste stream will be treated in other types of
installations. The construction of a network of sorting and recovery installations, of mechanical and biological treatment and waste incineration installations is being planned. It
is crucial that the constructed installations and applied technological processes are those
which have already been verified on other markets and have been adjusted to Polish – in
particular local – conditions and needs. High process efficiency and good performance
ought to become the crucial among basic criteria of their assessment and selection.
In the following part of this article we will present the practical aspects of sorting and
recovery processes as well as some technological innovations in the context of ambitious
goals assumed in the National Waste Management Plan Poland 2014 (Krajowy Plan Gospodarki Odpadami 2014).

2. Municipal waste in numbers and the objectives
of the National Waste Management Plan Poland 2014
According to data included in the National Waste Management Plan Poland 2014 the
amount of municipal waste produced in Poland in 2011 is estimated to reach about 12.5 million Mg and in 2020 – about 14.2 million Mg. In autumn 2010 the Central Statistical Office
of Poland (GUS) published new data concerning, among other things, municipal waste
management in Poland. In 2009 over 94 % of gminy (municipalities) carried out separate
waste collection. This undertaking resulted in the recovery of e.g. almost 500 thousand
Mg of waste in the form of plastics, paper, metals and glass. Paper and plastics constituted
about 250 thousand Mg of the stream of recovered waste. As compared to 10 million Mg
of municipal waste collected in 2009, the amount of waste collected separately and directed
for recycling was about 5 % [3].

Figure 1:
Municipal waste collected from
private households in Poland
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In Poland mixed municipal waste from households– dependent on where it derives from
(whether from urban or rural areas) – contains considerable amounts of particular fractions
of materials. The share of the four basic material fractions in the total municipal waste
stream is the following [2]:
•

paper: ~5 to ~20 %,

•

plastics: ~10 to ~16 %,

•

glass: ~8 to ~10 %,

•

metals: ~1 to ~3 %.

Figure 2 and 3 show the anticipated amounts of produced waste in the following years and
they allow a simple calculation of the required levels of recovery and reduction.
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Figure 2:
Source:

Anticipated amount of produced municipal waste in Poland, including produced biodegradable waste which can be landfilled

The author’s own elaboration based on data included in the National Waste Management Plan Poland 2014

Two years after the new framework directive 2008/98/EC on waste came into force, the
whole range of requirements and objectives that arise from it was reflected in the National
Waste Management Plan Poland 2014 which became effective on 1 January 2011, in which
the following goals concerning municipal waste management were assumed:
•

including all the inhabitants in an organised system of collecting municipal waste until
no later than 2015,

•

including all the inhabitants in a system of separate collection of waste until no later
than 2015,
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The author’s own elaboration based on data included in the National Waste Management Plan Poland 2014

decreasing the amount of biodegradable municipal waste which is sent to landfills, so
that no more than:
*

50 % in 2013,

*

35 % in 2020

of the mass of this waste produced in 1995 is landfilled,
•

decreasing the mass of landfilled municipal waste up to no more than 60 % of the produced waste by the end of 2014,

•

preparing waste materials, at least such as paper, metal, plastics and glass from private
households (and, if possible, of other types of waste similar to that collected from private households) for re-use and recycling in the amount of at least 50 % of their mass
by 2020.

The above mentioned objectives are definitely important and if we manage to achieve them
it will prove a big advance in organising our waste management system, even if we have to
revise the deadlines for achieving them.
The possibility of achieving the objectives mentioned in paragraphs 3, 4 and 5 is strictly
connected with the type of applied waste recovery and treatment technologies.
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3. The results of achieving the objectives of the
National Waste Management Plan Poland 2014
One of the objectives of the National Waste Management Plan Poland 2014 is to recover at
least 50 % of the weight of paper, plastics, glass and metals from private household waste and
to prepare it for re-use and recycling by 2020 [3]. In other words, we may say that in order
to meet the requirements of the new waste directive it is necessary to separate/recover over
20 % of waste from municipal waste stream collected from private households in the form
of material fractions every year. When we consider the anticipated amounts of produced
waste and the share of particular material fractions– namely paper, plastics, glass and metals – we are talking about the recovery of over 2.7 million Mg of these material fractions
per year. This recovery is directly reflected in the reduction of the amount of landfilled
waste and in the limitation of the amount of landfilled biodegradable waste (paper) and it
depends to a large extent on the efficiency and performance of the technological sorting
and recovery installation.
In order for the objectives of the National Waste Management Plan Poland 2014 and of the
new framework directive 2008/98/EC to be achieved, many investment processes will have
to be carried out in the following years in the area of waste sorting, recovery and treatment
installations. A lot of attention is paid to creating a system of separate waste collection. Some
positive changes can already be seen in this field. They are mainly related with the analysis
of the economics of the process and with efforts to optimise the systems of waste collection,
making allowance for the needs of its receivers, for management possibilities and for the
development of techniques and technologies of sorting and recovery processes. However,
it may at times seem that the main goal is only to implement separate waste collection and
not to recover particular material fractions of appropriate quality as expected by receivers
(recyclers) at the minimum specific costs. On the other hand, regardless great experience,
gained also in Poland in the last few years, there are still some municipalities where there
is an ongoing discussion on the validity of sorting mixed municipal waste from private
households. What is questioned is the recovery of recyclable materials, in particular in the
context of technical possibilities of separating those fractions in an efficient way and, what is
more important, the quality of the recovered material fractions and the supposed problems
with managing them. If, however, we analyse the market of particular material fractions
management it will turn out that apart from the last period of economic crisis, materials
separated in mixed municipal waste sorting installations have been an object of trading in
Poland. Moreover, it seems that entities that deal with recovering recyclable materials, both
- mixed municipal waste and separately collected waste – reach various price levels which
depend on quality only in the case of paper. For other fractions of materials – PolyethyleneTerephthalate (PET), Polyethylene/-propylene (PE/PP), film, cardboard packaging – the
offered prices are on the same level (with only a few exceptions).
Bearing the aforementioned in mind it is worth to remember that without recovering material fractions from mixed municipal waste we irretrievably lose materials which might be
re-used. Under directive 2008/98/EC, there is no obligation of achieving appropriate levels
of recovery and of preparing waste for re-use and recycling only through the development
of separate collection of waste. The directive mentions e.g. the creation of an appropriate
network of installations for the disposal and recovery of mixed municipal waste. It also
points out economical, technical and environmental aspects of the issue [3].
Implementing separate collection ought to make allowance, in particular, for the needs and
expectations of the receivers (recyclers) of particular material fractions as well as for the
available technical and technological means.
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4. Technological sorting and recovery installations
4.1. The present state
The number of municipal waste sorting installations at the end of 2009 was 173, with a
total capacity of 2.2 million Mg per annum[2]. This means that the capacity of the existing
installations allows the treatment of less than 20 % of the produced municipal waste. A
great majority of sorting installations which have been used until today were put into operation in years 2000 – 2010. These installations are characterised by a rather small hourly
capacity and low level of recovery of recyclable materials, since the recovery, apart from
metals, depends on the number of employees working in sorting cabins, their productivity
and the economics of the process carried out in this way. There are numerous reasons for
this state of things. The most important of them include: easy access to still cheap labour
force, low costs of landfilling waste and the lack of actual motivation to search for effective
and highly efficient solutions.
However, these conditions have been changing considerably in the last few years. The plans
of introducing further changes also lead to a situation where more and more attention is
given to efficiency, performance, availability and effectiveness of the sorting and recovery
processes.
Even though there are still some waste management establishments being designed and
constructed which, due to the applied technical and technological solutions, do not allow
either the required level of reduction of biodegradable waste or the recovery of particular
material fractions for further recycling on the level as indicated in the National Waste
Management Plan Poland 2014, we observe a still growing number of positive examples
of investors’ activity. Maximisation of recovering materials and reduction of waste stream
to be landfilled become priorities.

4.2. Evolution of the sorting and recovery processes
In order to achieve the above mentioned ambitious objectives a different approach towards
technological processes from the one presented so far is needed. It mainly concerns the
sorting and recovery processes. Simple methods which have been used until now are not
sufficient any more. There is a need to apply more effective, productive and more efficient
technological solutions.
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What is important is to get to know and take into account the potential of the produced
municipal waste, changes that may take place in a several year perspective, the needs of
receivers and tendencies concerning price levels of particular materials as well as management possibilities. Once we know the potential of the available technical solutions we may
create appropriate configurations of technological installations which are actually adjusted
to individual needs.
Price

Plastics

Compounds

14 %

4%

300.0
250.0

Textiles
Glass

5%

8%
Metals

200.0
150.0
100.0

HDPE
PP

0
01

8/2

9

0
01

00

1/2

7/2

8

08

00

/20

6/2

12

7

07

00

/20

4/2

6

PE film (80/80)
PET mixed

11

32 %

3/2

Organic

20 %

9/2

Paper

06

0.0

00

2%

50.0

/20

10 %

10

Wood

5

Minerals

00

5%

Figure 5:

€

350.0

PET clear
Mixed paper

A sample composition of municipal waste from private households and prices of raw
materials

2008 was the year when the new waste framework directive 2008/98/EC came into force
and when a company, being part of the TITECH group was established in Poland. The time
convergence is accidental. However, the activities are also intertwined with the priorities of
the directive. As soon as in 2009 a technological concept of sorting and recovering material
fractions from mixed municipal waste and from separately collected waste was presented
– it was adjusted to the specificity of the Polish market. The basic objective was to create a
concept of a technological installation providing maximum recovery of particular material
fractions used mainly for recycling. The focus was on providing the recovery of the basic
material fractions, such as:
•

paper,

•

PET packaging,

•

PE/PP packaging,

•

PE film,

•

beverage carton,

•

ferrous and non-ferrous metals and

•

fractions (obtained from the remaining part of the stream) to be used for the production
of high-quality alternative fuel (RDF),

providing, at the same time, high recovery efficiency and effectiveness as well as the lowest
possible specific costs for one Mg of the recovered recyclable material. These concepts are
based on automation of the sorting processes with the use of optical separators which provide
very high quality of separating particular material fractions – at the level exceeding 80 – 90 %.
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A simplified flowchart of the municipal waste sorting and recovery processes

At present some installations are being constructed which, apply those technological concepts. In 2010 a modernisation of sorting installations for mixed and separately collected
municipal waste, which had been used for several years, was carried out. The scope was
to integrate optical separators into existing technological systems in such a way that it is
possible to achieve the maximum level of recovery of plastic and paper fractions. The result
of these modernisations is the recovery of over 80 – 90 % of plastics and over 85 – 90 % of
paper from the waste stream directed to the separators. At present plastics recovered in this
way are mainly used for the production of alternative fuel. The only materials which are
separated manually are PET, some of PE/PP and film. Further automation of the plastics
sorting process is planned for the future, so that PE film, PET bottles and PE/PP packaging
can be recovered and directed towards recycling. As a result of advancing changes in sorting
processes, recovery is carried out by separators and the work of people in sorting cabins is
limited to supervising the process – and occasionally removing some objects from automatically separated material fractions.

4.3. Technological innovations in the sorting and recovery processes
It was in the year 1993 when the Norwegian government stipulated that a special packaging
must be recovered after its use out of the remainders of the Norwegian households – the
beverage carton. This act set off the development of a technology revolutionizing the whole
waste management market.
TITECH has initiated automation of waste sorting processes only 16 years ago, by constructing the first optical separators which use near-infrared spectroscopy to identify materials.
However, the most dynamic development and expansion on international markets has taken
place in the last decade. Today, the firm is developing a range of technologies the scope of
which is to identify the greatest number of materials with the highest accuracy possible
and to separate them efficiently. All this is combined with the highest possible capacity
and high level of purity. In sorting municipal waste, the optical separators that are used are
based, in particular, on near-infrared (NIR) sensors and on visible light (VIS) sensors, and
in specific applications also on electromagnetic (EM) sensors and X-ray (XRT) sensors.
The material stream is spread on a highly accelerated conveyor belt (up to 4.0 m/s) above
which the detection unit is located. This unit includes lamps to light up the conveyed
material and a near-infrared sensor and visible light sensor measure the reflection from
the material. When lighting up material the light is to a certain amount absorbed and to
another amount reflected. This reflected light bares the information about the colour and
type of the material from which it has been reflected.
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Feeding of unsorted material

Spectrometer scanner
Separation
chamber

Figure 7:

The principle of operation of an optical separator

The operator just has to decide on a very simple interface which material is to be sorted.
The desired material is ejected by the means of compressed air into a chamber separating
the refused material from the desired one.

Figure 8:
Optical separators on a municipal waste sorting installation

In short:
•

High speed processing of information: material, shape, size, colour and location of objects;

•

Precise sorting by air jets.

This technology is successfully applied nowadays in any kind of waste stream:
•

Packaging Waste and Paper,

•

Commercial and Industrial Waste,

•

Construction and Demolition Waste,

•

Municipal Solid Waste and many more.
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4.4. Optical sorting in municipal waste sorting processes
Near-infrared (NIR) sensors and visible light (VIS) sensors applied within the autosort
optical separators allow the identification of the whole range of different materials. Then,
they can be separated by use of compressed air. What is of greatest importance in the case
of municipal waste is the detection and separation of the most valuable fractions of materials, i.e.: paper, PE film, PET bottles, PE/PP packaging and beverage cartons. Moreover,
it is possible to separate a group of defined material fractions from the municipal waste
stream – this includes e.g. Polystyrene (PS), PE/PP, wood and possibly paper and textiles,
so that they can be used in the production of alternative fuel of required quality as expected
by its receivers. The type of separated fractions may be adjusted to the current needs and
the type of treated waste. It is particularly important if a sorting installation is also used
for sorting other waste streams, e.g. industrial waste, bulky waste or construction waste. In
the case of construction waste it is possible – obviously, apart from separating paper and
plastics – to recover wood and obtain an inertial fraction of high purity.
2-line NIR sensor

2-line VIS and 2-line NIR sensor

Figure 9:
TITECH sensors with DUOLINE technology
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How it works?
•

Irradiation with NIR light source;

•

Certain frequencies excite molecules to oscillate è these frequencies are heavily absorbed;

•

Part of the light is diffusely reflected;

•

Light is directed to the detector unit and separated into its parts.

1.0

Intensity
%

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

1,1

00
1,1 .3
31
1,1 .2
62
1,1 .1
93
1,2 .0
24
1,2 .0
54
1,2 .9
85
1,3 .8
16
1,3 .7
47
1,3 .6
78
1,4 .5
09
1,4 .4
40
1,4 .3
71
1,5 .2
02
1,5 .1
33
1,5 .1
64
1,5 .0
94
1,6 .9
25
1,6 .8
56
1,6 .7
87
1,7 .6
18
1,7 .5
49
1,7 .4
80
1,8 .3
11
1,8 .3
42
1,8 .2
73
.1

0

Figure 11:

Wavelength nm
PE
PP
PVC

Characteristics for some sample materials – sample NIR Spectra of different polymers

4.5. Limitations of using optical separators in sorting processes
Optical separators do not permit separation of glass, stones, metals and black materials
from the municipal waste stream. Another limitation is objects which can be identified
but due to their properties or shape are difficult to be separated by the use of compressed
air. This includes e.g. very long and heavy objects. That is why it is important to take this
fact into account when preparing a concept of a technological process and when designing
the installation.
After all, even the most advanced and efficient machine will not compensate for conceptual
and design errors of a technological installation. Thus, in order for separators to achieve
optimum results it is necessary to form appropriate concepts of the sorting, recovery or
treatment processes.

4.6. Innovations in municipal waste treatment special applications
Separating metals in the alternative fuel production process
The production of high-quality alternative fuels has been growing in importance in the
recent years – also in Poland. The quality of alternative fuel produced only by shredding
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municipal waste becomes insufficient. In
this area installation users also observe
more and more profits from using optic separators. Apart from the already mentioned
possibilities of separating particular types of
materials, if we also apply an electromagnetic (EM) sensor it will be possible to create
programmes allowing the elimination of
waste containing metals (combined with
metals) from the waste stream directed to
post-shredders. Separating metals results in
the reduction of wear and tear of shredder
parts and in operational downtime of the
installation which decreases operating costs
and increases efficiency.
Online analysis of alternative fuel parameters
The cement industry is the only receiver of
alternative fuel in Poland and it requires
appropriate quality of alternative fuel parameters. It is anticipated that the demand
for alternative fuels will keep increasing in
the upcoming years. In order to provide expected quality it is necessary to apply approFigure 12: Refuse Derived Fuel from waste
priate production processes and to be able
to supervise the quality of the end product.
Therefore, a system has been created that allows for continuous supervision of alternative
fuel parameters. Such parameters as: moisture, chlorine content and calorific value may
be visualised during the production process or during proportioning the material right
before putting it into cement mill installations, so immediate reaction is possible, if needed.

RDF

Titech autosort
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content

calculation

water
content
heating
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Relevant data for calculation:
• mass per unit area
• heating value
• conversion factors

Figure 13:
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Figure 14:

Example of visualization the parameter – chlorine content

Preparing organic fractions for further waste treatment processes
One of the biggest challenges in waste management in Poland is the reduction of biodegradable waste landfilling. One of the possible ways of reducing this waste stream is to subject
it to mechanical and biological treatment. Biological treatment technology also applies
anaerobic processes the scope of which is to recover biogas and to convert it into electric
power. Unfortunately it very often happens that the composition of such fractions poses
problems with carrying out the process appropriately. An organic fraction – usually within
the range of 0/15 – 50/70 mm – which is separated mechanically from mixed municipal

Feeding of unsorted material

X-ray source (XRT)
Separation
chamber

X-ray camera (XRT)

Figure 15:

The principle of operation of an x-ray separator
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High energy image

Figure 16:
Low energy image
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in TITECH x-tract

Figure 17:
Organic fraction from MSW

Total wste
volume/MSW

Magnetic
separation

Eddy current
separator

Ferrous
metals

Non-ferrous
metals

Fraction
0 – 15/20 mm

Fraction
15/20 –
60/90 mm

Titech
x-tract

Titech
autosort

Titech
autosort

Titech
x-tract

Organic
fraction

Polymers,
metals

Polymers,
metals

Organic
fraction

Stones, glass,
etc.

Figure 18:
642

Screen

A simplified flowchart of Organic cleaning process

Stones, glass,
etc.

Innovations in Sorting Processes for Mixed Household Waste

waste contains large amounts of glass, stones and plastics. These materials have a negative
impact on the biological process. Plastics are separated in the way that has already been
described - by using an optical separator. Highly efficient separation of inertial fractions
becomes possible due to the application of a separator which uses X-rays to identify materials. The method of separating stones, glass, metals, batteries, bones etc. is analogous
with that based on optical separators, i.e. by use of compressed air. If we incorporate the
autosort optical separator and x-tract into the technological process of preparing fractions
for biological treatment processes, we can eliminate undesired materials. The objective of
such a solution is not to recover material fraction which is to be recycled with high accuracy, but to improve the properties of an organic fraction (containing biodegradable waste)
which is to be further treated.
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5. Conclusions
•

Mixed municipal waste constitutes to over 90 % of municipal waste collected in Poland
and contains over 40 % of recyclable fractions (paper, plastics, glass, metals, wood).

•

Recovery of recyclable fractions from municipal waste rich in particular types of such
fractions is possible and may be efficient, effective and economically justified if we
conceive good technological concepts and apply available technical solutions.

•

It will be extremely difficult to reach the objectives assumed under the National Waste
Management Plan Poland 2014 in the range of waste management without subjecting
mixed municipal waste from private households to treatment.

•

Achieving the goals stipulated in the new framework directive 2008/98/EC on waste of
19 November 2008 and those assumed under the National Waste Management Plan
Poland 2014 ought to be the basic requirement and assessment criterion for the currently
carried out projects related to waste management, technological sorting, recovery or
treatment installations (designed and constructed waste treatment establishments) and
currently created systems of collecting waste.
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•

The specificity of the Polish market also requires that technological installations for
mechanical and biological treatment ought to be equipped with some solutions – in the
area of mechanical treatment – allowing efficient recovery of material fractions both
from mixed municipal waste and from separately collected waste.

•

The sole separate collection and its development do not guarantee achieving the objectives indicated in the National Waste Management Plan Poland 2014 and in the directive.
They do not guarantee high level of recovery nor efficiency either. It is indispensable to
optimise separate waste collection systems as well as the existing technological infrastructure (treatment, sorting and recovery installations).

•

When choosing appropriate solutions in the area of separate waste collection and technological installations it is necessary to analyse and assess all the stages - from collection
to recycled materials’ management.

•

Constructing a multifunctional installation for sorting mixed municipal waste and
separately collected waste from private households should be preceded by a detailed
analysis of available technical and technological solutions, of the waste stream composition and of the economic aspects of conducting such an activity. High level of
recovery is only possible if efficient solutions related to the automation of the sorting
and recovery processes are applied and only if the waste has appropriate potential in
terms of contained materials. The only criteria used in deciding whether automation of
sorting should be applied ought to be: a) economics, b) the quality of recovered material
fractions.

•

In 2012 – 2013 in Poland the first multifunctional installations for sorting mixed municipal waste and separately collected waste from private households will be put into
operation. They will be based on the technological concepts. These installations, apart
from a range of functional and innovative solutions, will also be equipped with autosort
optical separators to allow the recovery of: PE film; PET (including colour division);
PP/PE; beverage cartons; paper mix and cardboard; fractions used for the production
of alternative fuel. These installations will be examples of a technological breakthrough
in constructing municipal waste sorting installations in Poland.

•

The present situation in waste management in Poland is not quite favourable for entities
that actually deal with reducing the amount of landfilled waste – e.g. by recovering material fractions – no matter if they deal with separate collection and sorting of waste or if
they recover recyclable material from mixed municipal waste stream by use of installations. The construction of an efficient system requires the introduction of mechanisms
which would provide economic justification for the recovery of material fractions and
passing them for recycling as well as justification for recycling itself.

•

Deep morphologic analysis of the waste stream, being aware of changes in quality and
quantity, knowing the expectations of material fraction or waste stream receivers, knowing price levels of materials and of disposing of the remaining part of the waste stream,
critical approach to the offered black box solutions, visiting reference facilities which use
particular possible solutions, the analysis of operating costs, dialogue and exchanging
experience between investors and users of already existing installations and installation
or equipment providers – all of these ought to constitute the foundations for the creation
of optimum installations and waste management establishments where efficiency and
economics should be the key criteria of assessing waste management systems which
are currently being formed and of the selection of technical and technological solutions
applied in technological installations.
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•

The level of recovery, preparation for re-use and recycling and reduction in the amount
of biodegradable waste as required for the year 2020 can only be achieved if we consistently keep creating and actually manage to create a good, effective and efficient waste
management system in the upcoming years, an integral part of which will be installations with adequate capacity to be able to treat all the waste produced in Poland. A
rational and efficient system on every stage of operation: from collecting waste, through
transportation, recovery and recycling, up to treatment and disposal. If it so happens
then there will be a chance of getting close to the assumed goals concerning the level
of recovery or reduction of landfilled waste in the next 10 years.

Figure 20:
Innovative MSW sorting plant in
Warsaw with TITECH autosort

6. Bibliography
[1] Różańska, B.; Brasse, J.; Rzewuska, I.; Sobczyk, M.: Infrastruktura komunalna w 2009 roku.
Municipal infrastructure in 2009, GUS (Central Statistical Office of Poland), October 2010
[2] The National Waste Management Plan Poland 2014
[3] Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on
waste and repealing certain Directives

645

Mariusz Rajca

Inserat
TrennSoTechnik

646

Vorwort

Die Deutsche Bibliothek – CIP-Einheitsaufnahme
WASTE MANAGEMENT, Volume 2
Waste Management, Recycling, Composting, Fermentation,
Mechanical-Biological Treatment, Energy Recovery from Waste,
Sewage Sludge Treatment
Karl J. Thomé-Kozmiensky, Luciano Pelloni.
– Neuruppin: TK Verlag Karl Thomé-Kozmiensky, 2011
ISBN 978-3-935317-69-6
ISBN 978-3-935317-69-6 TK Verlag Karl Thomé-Kozmiensky

Copyright: Professor Dr.-Ing. habil. Dr. h. c. Karl J. Thomé-Kozmiensky
Alle Rechte vorbehalten
Verlag: TK Verlag Karl Thomé-Kozmiensky • Neuruppin 2011
Redaktion und Lektorat: Professor Dr.-Ing. habil. Dr. h. c. Karl J. Thomé-Kozmiensky,
Dr.-Ing. Stephanie Thiel, M. Sc. Elisabeth Thomé-Kozmiensky, Janin Burbott
Erfassung und Layout: Janin Burbott, Petra Dittmann, Sandra Peters,
Martina Ringgenberg, Ginette Teske
Druck: Mediengruppe Universal Grafische Betriebe München GmbH, München
Dieses Werk ist urheberrechtlich geschützt. Die dadurch begründeten Rechte, insbesondere
die der Übersetzung, des Nachdrucks, des Vortrags, der Entnahme von Abbildungen und
Tabellen, der Funksendung, der Mikroverfilmung oder der Vervielfältigung auf anderen
Wegen und der Speicherung in Datenverarbeitungsanlagen, bleiben, auch bei nur auszugsweiser Verwertung, vorbehalten. Eine Vervielfältigung dieses Werkes oder von Teilen
dieses Werkes ist auch im Einzelfall nur in den Grenzen der gesetzlichen Bestimmungen
des Urheberrechtsgesetzes der Bundesrepublik Deutschland vom 9. September 1965 in der
jeweils geltenden Fassung zulässig. Sie ist grundsätzlich vergütungspflichtig. Zuwiderhandlungen unterliegen den Strafbestimmungen des Urheberrechtsgesetzes.
Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen usw. in
diesem Werk berechtigt auch ohne besondere Kennzeichnung nicht zu der Annahme, dass
solche Namen im Sinne der Warenzeichen- und Markenschutz-Gesetzgebung als frei zu
betrachten wären und daher von jedermann benutzt werden dürfen.
Sollte in diesem Werk direkt oder indirekt auf Gesetze, Vorschriften oder Richtlinien,
z.B. DIN, VDI, VDE, VGB Bezug genommen oder aus ihnen zitiert worden sein, so kann
der Verlag keine Gewähr für Richtigkeit, Vollständigkeit oder Aktualität übernehmen. Es
empfiehlt sich, gegebenenfalls für die eigenen Arbeiten die vollständigen Vorschriften oder
Richtlinien in der jeweils gültigen Fassung hinzuzuziehen.
6

